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® To the sufferer from sciatica even the 
most comfortable chair symbolizes a bitter 
ordeal to come. Many will demand nar- 
cotics repeatedly. 


Using NAIODINE, thousands of physicians 
have now stilled this cry for narcotics. 
NAIODINE injections usually require but a 
few hours to bring relief of sciatic pain. 


NAIODINE Solution “A” is for intramuscular use. 
Sodium iodide 2% is stabilized by sodium sulfate 
1%. Available in 5cc. ampoules, boxes of 12 and 
50; 10cc. ampoules, boxes of 6 and 50. 


NAIODINE Solution “B” is for intravenous use. 
Sodium iodide 5% is stabilized by sodium sulfate 
1%. Available in 10cc. ampoules, boxes of 6. 


In acute pain, 20 to 30 cc. are injected daily in 
divided doses. After pain is under control, 5 to 
10 cc. suffice. For larger volumes Solution “B” is 
preferable. Contraindicated in tuberculosis or 
thyroid dysfunctions. Observe for iodism. 
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COMPLICATIONS FOLLOWING THE ADMINISTRATION OF THIOURACIL* 


By WituraM H. Bererwa res, M.D. 
AND 


Cyrus C. Sturais, M.D. 


ANN ARBOR, MICHIGAN 


(From the Department of Internal Medicine, University of Michigan Hospital) 


Reports of unfavorable complications 
occurring during the administration of 
thiouracil have appeared in the literature 
ever since the first clinical trial of this 
new drug in patients with toxic goiter by 
Astwood.'! It has become increasingly ap- 
parent that the most important untoward 
reaction to thiouracil is the development 
of agranulocytosis, which is always a 
serious complication and one which may 
terminate fatally; all others are of minor 
importance in comparison to it. Since 
the incidence and mortality rate of this 
condition will undoubtedly be a signifi- 
cant determining factor in the future use 
of the drug, it is our purpose to devote 
the main part of this report to a considera- 
tion of the reasons for a fatal outcome in 
a few patients with this disease, whereas a 
majority who have developed this dis- 
order have survived. In addition, other 
less serious reactions will be reviewed in 
the light of our experience with 80 patients 
treated with the preparation. From the 
literature and through 2 personal com- 
munications 9 fatalities occurring during 
or following thiouracil administration have 
been 


Inspection of the data in Table 1 shows 


that 7 of the 9 fatalities were definitely 
attributable to agranulocytosis. The first 
case of Himsworth’s should be excluded 
because there was a leukocytosis, neutro- 
philia and pneumonia. Also the case men- 
tioned by Sevringhaus did not succumb 
from agranulocytosis but died in thyroid 
crisis following an episode of the disorder. 

In an attempt to determine if all of the 
above 7 fatal cases had 1 or more signifi- 
cant factors in common which could ac- 
count for the fatal outcome of the condi- 
tion, many possible underlying causes 
were given careful consideration. Appar- 
ently the age which varied from 41 to 
72 years, the sex, and the presence of 
various complicating diseases did not play 
an important réle. In the case reported 
by Stock et al.,* however, it was admitted 
that the patient had severe diabetes, which 
might have been an important contribut- 
ing element in the death of the patient. 
During the first 2 years in which thiouracil 
was employed, it appeared as though 
excessive dosage might be a major cause 
of the fatalities.‘ This impression, how- 
ever, is probably incorrect as more recently 
deaths have resulted from the administra- 
tion of doses as small as 0.2 gm. daily.®:7 


* Part of the expense of this study was defrayed by a grant from the Upjohn Company, Kalamazoo, 


Michigan. 
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It is our present impression, therefore, 
that while excessive dosage must be kept 
in mind as the cause of fatal agranulo- 
cytosis, it is not the sole determining 
factor. Recently Limarzi" reported his 
observations on 1 case of myelogenous 
leukemia who developed a severe leuko- 
penia following the administration of 
3 gm. daily for 3 months. He concludes 
that thiouracil in sufficient doses regularly 
inhibits granulocytosis and destroys granu- 
locytes, which is interpreted as an effect 
independent of individual susceptibility. 
Although this statement may prove to be 
correct in the light of further experience, 
such a conclusion does not seem justifiable 
at present. 

A review of the 7 untoward fatal cases 
of agranulocytosis associated with the 
administration of thiouracil shows that 
there are at least 5 important contributing 
factors to the fatal outcome. These are 
tabulated in the following paragraphs: 

1. FarLurRE TO ADMINISTER PENICILLIN 
PrompTLy. In not 1 instance was treat- 
ment with penicillin given from the onset 
of symptoms to death, nor even following 
the discontinuance of thiouracil to the 
time the patient expired. In all cases in 
which this form of therapy was adminis- 
tered, it was given as a last resort. The 
great significance of this factor is obvious 
from the knowledge that the average 
length of life after onset of the symptoms 
of a thiouracil reaction was 8 days, with 
the shortest interval being 5 days and the 
longest one 16 days. The opportunity 
for instituting therapy with this most 
effective agent was, therefore, to a certain 
extent, regrettably overlooked in each 
patient. 

2. DISCONTINUANCE OF THE DruG AF- 
TER THE ONSET OF SymprToms. Since fully 
developed agranulocytosis may be present 
within 3 days after the onset of the initial 
warning symptoms, it is apparent that the 
drug should be discontinued, temporarily 
at least, with the appearance of the very 
earliest evidence of an untoward effect. 
In all of the tabulated fatalities, with the 
possible exception of the case of Lahey 
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and Bartels,’° the drug was discontinued 
after an interval of 24 hours to 5 days 
following the recorded onset of symptoms, 
or an average of at least 2 days. It is 
possible that all these deaths might have 
been averted if the drug had been stopped 
promptly after the appearance of the 
ominous symptoms. 

3. DisREGARD OF SIGNIFICANT SyMP- 
TOMS OF IMPENDING AGRANULOCYTOSIS. 
Six of the 7 patients experienced definite 
symptoms which should have served defi- 
nitely as an indication to the intelligent 
and forewarned patient to discontinue the 
drug promptly and seek medical advice. 
In the seventh patient the information is 
incomplete and hence it is not possible to 
determine from the record if such manifesta- 
tions were present. It should be empha- 
sized that any symptom, regardless of its 
nature, when it appears in a patient who 
is receiving thiouracil, should be regarded 
tentatively as due to the action of the drug 
and hence should be investigated thor- 
oughly. This means, in addition to other 
things, that a white blood cell count and 
the differential formula of the leukocytes 
should be determined. From a study of 
the fatal cases, it was found that fever, 
sore throat, and malaise were the 3 most 
common manifestations of this disorder, 
named in order of frequency. 

4, INerricacy oF Various Forms OF 
THERAPY FOR AGRANULOCYTOSIS. One or 
more of the recommended forms of treat- 
ment of agranulocytosis, namely, the sul- 
fonamides, crude liver extract, pentnucleo- 
tid, whole blood, yellow bone marrow, and 
folic acid was used in each case without 
preventing death. This and our successful 
use of penicillin in our 3 cases of agranulo- 
cytosis suggests that penicillin is undoubt- 
edly the most effective type of therapy 
that can be used in combating the sepsis 
of agranulocytosis which is the usual cause 
of death in the disease. 

5. FarLurE To DisconTINvE THIOURA- 
crit WHEN A SEVERE LEUKOPENIA DEVEL- 
ops. Although the majority of patients 
with thyrotoxicosis have a mild to moder- 
ate leukopenia and lymphocytosis, it is 


evident from our experience that when 
the total white cell count drops below 
2000 per c.mm. during thiouracil therapy, 
it is an indication that the patient is in 
grave danger. It is especially important 
to have a white blood cell count and 
differential blood count done before thio- 
uracil is instituted in order to evaluate 
more accurately the subsequent course of 
events. 

In asurvey of the 7 fatalities, it has been 
found that 5 common facts, given above, 
if kept in mind by the physician, should 
enable him to avert fatal reactions or 
reduce them to a minimum. It is striking 
to note that each fatality occurred in 
patients who were being treated by physi- 
cians with relatively little experience in 
the use of the drug. The 152 patients of 
Williams and Clute,!® and in our series of 
80 patients, there were no fatalities al- 
though cases of agranulocytosis did occur. 
The 1 fatal case in the series of 190 pa- 
tients of Lahey and Bartels!’ occurred 
when the patient was no longer under 
their observation and in another hospital. 

Non-fatal Hematologic Reactions. Of 
our 80 patients, 70 were treated with 
thiouracil as in-patients until the basal 
metabolic rate had fallen significantly and 
the clinical picture had improved con- 
siderably. These patients were hospital- 
ized for a minimum period of 2 weeks and 
a majority for a much longer interval. 
A technician was employed to do total 
white blood cell counts and differential 
blood counts on these patients every other 
day. The largest daily dose of thiouracil 
given was 0.6 gm. After reviewing the 
literature, we feel that such a close check 
on the patient’s clinical picture and blood 
status on such a large series has not been 
previously reported. It is our opinion 
that a careful review of the non-fatal 
hematologic reactions among these pa- 
tients is worthwhile. 

The only non-fatal hematologic reactions 
were those of agranulocytosis or neutro- 
penic leukopenia. No decrease in number 
of the other circulating cellular elements 
of the blood occurred. One patient did 
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have thrombocytopenic purpura occurring 
before thiouracil was started. This disap- 
peared during thiouracil therapy. 

These observed non-fatal hematologic 
reactions occurred 6 times in 5 patients, 
or in approximately 8% of the group. 
This is a definitely higher incidence than 
in 3 of 152 (2%) in the series of Williams 
and Clute” and in 9 of 190 (4.7%) in the 
series of Lahey and Bartels;!® the patients 
in both of these series were followed for the 
most part as out-patients. Weattribute this 
difference in incidence to the fact, re- 
ported by others,?"* that mild non-symp- 
tomatic neutropenia and neutropenic leu- 
kopenia may occur occasionally in some 
patients and disappear spontaneously de- 
spite the fact that the thiouracil medica- 
tion is not discontinued. 

Neutropenic Leukopenia (Tables 2, 3 and 
4). This hematologic reaction occurred as 
frequently in our series (3 cases) as did 
true agranulocytosis, which was observed 
3 times in 2 patients. Here, as in the fatal 
cases of agranulocytosis, the hematologic 
reaction was always preceded or accom- 
panied in its earliest phase by a drug fever 
with or without skin eruption, sore mouth 
and other symptoms. Also, the full de- 
velopment of the symptoms occurred in 
the brief interval of 3 days. The impor- 
tance of this fact was made obvious in the 
discussion of the fatal cases of agranulo- 
cytosis. This observation also illustrated 
that occasionally the simple act of with- 
holding thiouracil for as short a time as 
1, 4 and 8 days may be the only change 
necessary in the successful management of 
the patient. Our view in regard to this 
is in accord with the experience of Palmer® 
who resumed the administration of the 
drug after 72 hours in each of her first 
9 cases of neutropenia and leukopenia 
with satisfactory results. 

Agranulocytosis (Tables 5, 6 and 7). 
Our charts show 3 episodes of agranulo- 
cytosis which developed in 2 patients. 
The second reaction in the first patient 
is the sole example observed in our group 
of a second attack of agranulocytosis in 
the same patient, resulting from thiouracil. 
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We think, however, that a recurrence is after the appearance of the premonitory 
an important danger to keep in mind since symptoms, and recovery occurred in 6 to 
it accounted for 1 out of the 6 reactions. 7 days following the use of penicillin alone. 
In these 3 episodes of agranulocytosis, the This group and the preceding one raise 
warning symptoms were again present in the question concerning the value of cer- 
all cases. The agranulocytosis in each tain therapeutic measures, such as liver 
instance developed within 3 to 5 days and folic acid, as suggested by Goldsmith 


TABLE 2.—NEUTROPENIA OccuURRING DuRING THIOURACIL ADMINISTRATION WITH SYMPTOMS 


A.R. No. 463451. 


Dosage 

per day 
Date (gm.) 
4/14/44 0.6 
4/15/44 0.6 


4/16/44 0.6 
4/17/44 0.2 


4/18/44 0.0 
4/19/44 0.4 


oF AGRANULOCYTIC ANGINA, DERMATITIS, AND DruG FEVER 


Neutro- 
Temp. phils 
Symptoms (°F.) W.B.C. (%) Therapy for reaction 
pid 99.6 8200 51 
Acneform dermatitis of face, pru- 100.3 
ritus 
Above inc. in extent and severity; 100.5 
sore throat 
Sore throat and dermatitis impr. 99.0 5000 37 Drug discontinued. 
Pruritus persists 90.6 4800 53 
Still some pruritus 98.6 6650 69 


TABLE 3.—LEUKOPENIA AND NEUTROPENIA WITH DruG FrevEeR ONLY 


D.G. No. 549046. 


Dosage 
per day 
Date (gm.) 
6/12/44 0. 
6/15/44 0. 
6/16/44 0. 


4 
4 
4 
6/17/44 0.4 
6/19/44 0.4 
6/20/44 0.2 
0 
0 
0 
0 
2 


6/21/44 0. 
6/22/44 0. 
6/23/44 0. 
6/24/44 0. 


6/25/44 6.1 
6/26/44 0.4 


Neutro- 
Temp. phils 

Symptoms (°F.) W.B.C. (%) Therapy for reaction 
Temp. 99.3°-100° on admiss. 99.3 6100 62 

99.4 

99.8 

100.0 4000 52 

100.7 3800 60 Drug deliberately continued 

100.2 2250 55 

99.5 4150 45 Drug discontinued 

eT 99.0 3000 38 

soak 99.0 3200 31 

99.0 4350 38 

99.0 4750 27 

© 99.0 5850 52 


TABLE 4.—LEUKOPENIA AND NEUTROPENIA Wi1TH Symptoms oF DruG FEVER AND SORE THROAT 


P.S. No. 550895. 


Dosage 


per day 
Date (gm.) 
11/15/44 0.2 
(Returns) 


11/28/44 0.0 
(Returns) 


11/29/44 0.0 
12/ 1/44 0.0 
12/ 2/44 0.0 
12/ 3/44 0.0 
12/ 4/44 0.0 
12/ 5/44 0.0 
12/ 6/44 0.0 


TABLE 5. 


M.O. No. 550895. 


Dosage 
per day 
Date (gm.) 
1/ 9/45 0.6 
(Return) 
2/ 8/45 0.2 
(Returns) 


2/10/45 0.0 
2/11/45 0.0 
2/12/45 0.0 
2/13/45 0.0 
2/14/45 0.0 
2/15/45 0.0 
2/16/45 0.4 
2/17/45 0.4 


Neutro- 
Temp. phils 
Symptoms (°F.) W.B.C. (%) Therapy for reaction 
** Hot all over” 101.0 2750 29 Drug discontinued 
Sore throat Normal 1900 15 
None Normal 3700 26 
None Normal 
None Normal 
None Normal 4900 48 
None Normal 5000 48 
None Normal 5300 


ToTtTaL AGRANULOCYTOSIS OF 5 Days DuRATION WITH PREDOMINANT PICTURE 


or Sepsis 
Neutro- 
Temp. phils 
Symptoms (°F.) W.B.C. (%) Therapy for reaction 


98.6 8550 76 


‘Pain in neck;’’ ? No. of days; 102.5 3200 4 
painful cerv. adenopathy; fur- 
uncle of nose, finger, forehead 


“Sore throat;” agranulocytic an- 103.4 1950 0 Penicillin 160,000 u./day 
gina 

104.0 2100 0 Penicillin 

103.5 1100 0 Penicillin and sulfadiazine 
102.8 2950 0 Penicillin and sulfadiazine 
HS, SURES 103.0 2150 9 Penicillin and sulfadiazine 
i 100.0 2450 40 Penicillin and sulfadiazine 
98.0 4300 63 Penicillin only 

Fra 99.0 5600 77 Penicillin only 
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et al& As a matter of interest, the third 
case of agranulocytosis (Table 7) occurred 
while the patient was receiving Armour’s 
brewer's yeast (15 gm. t.i.d.). This mater- 
ial contains considerable folic acid and 
was administered purposely to prevent 
agranulocytosis. 

It should be noted that the case in which 
thiouracil was used after the onset of 


frequently in conjunction with other 
reactions. The reported incidence of 
attacks of fever in 4 series of patients from 
the literature is tabulated ‘below. 


Williams and Clute!® 
Gargill and Lesses!® 
Lahey and Bartels!® . 
Paschkis'*® . 


2 in 152 (1.3%) 
2in 43 (4.6%) 
7 in 190 (3.6%) 
4in 30 (13.3%) 


TABLE 6.—ToTAL AGRANULOCYTOSIS OF aT Least 5 Days Duration, ILLUSTRATING EFFECT 
oF Not Stroprinc THIOURACIL aT First SyMpToms 


M.O. No. 550895. 


Dosage 

per day 
Date (gm.) Symptoms 
(Return) 


3/ 5/45 0.3 Routine count done by home phy- 
sician; said to be ‘‘low;”’ thiour- 


acil cont. 


3/ 8/45 0.0 Sore throat, temp. 103°; necrotic 
mouth ulcer; tender cerv. aden- 
opathy 

3/ 9/45 0.0 Sore tongue 

3/10/45 0.0 Sore tongue 

3/11/45 0.0 ? slight icterus 

3/15/45 


Temp. 
W.BC. (%) 


Neutro- 
phils 
Therapy for reaction 


101.0 1280 0 
102.4 1250 0 Penicillin 160,000 u./day 
103.8 1300 0 Penicillin 160,000 u./day 
103.5 Penicillin 160,000 u./day 
103.5 900 0 Penicillin 160,000 u./day 
104.0 1700 5 Penicillin 160,000 u./day 
101.0 Penicillin 160,000 u./day 
98.4 2450 29 Penicillin 160,000 u./day 
98.6 4050 sat Penicillin 160,000 u./day 


TABLE 7.—MAaRKED LEUKOPENIA AND NEUTROPENIA WITH PaROTITIS AND Low GRADE 
FEVER AS WARNING SYMPTOMS 


8. F. No. 566407. 
Dosage 
per day 

Date (gm.) Symptoms 


6/15/45 0.6 


6/18/45 0.6 Parotitis, rt. 

6/20/45 0.6 Angina, tonsil necrotic 
6/22/45 Omitted 


6/24/45 Omitted Rt. axillary abscess 
6/25/45 Omitted Worse 
6/26/45 Omitted 
6/27/45 Omitted 
6/28/45 Omitted 


symptoms developed more complications 
(pariotitis, fever, agranulocytic angina, 
axillary abscess) than the cases in which 
thouracil was promptly discontinued. 
Non-hematologic Reactions Which Re- 
quired Cessation of Thiouracil and Thy- 
roidectomy. Febrile Reactions. In only 1 
of our 80 patients was it necessary to dis- 
continue thiouracil because of febrile reac- 
tion. The febrile episodes which occurred 
in our patients developed between out- 
patient visits; hence they were not studied 
in detail, but from the history they re- 
sembled other reports in the literature. 
As noted above, fever was present more 


Neutro- 
Temp. phils 
(°F.) W.B.C. (%) Therapy for reaction 
99.2 5050 51 Brewer’s yeast 15 gm., t.i.d. 
since starting thiouracil 
99.2 4850 47 
99.0 
99.2 3750 22 
98.6 5150 32 
99.0 3500 13 
99.0 3350 11 
100.0 2250 1 
102.8 Penicillin started 
102.4 2800 3 
100.2 4600 7 
99.3 
101.6 7600 56 Roentgen ray to axilla 


The typical type of pyogenic reaction is 
portrayed by a case of Kenrick and Yater.’ 
A 17 year old colored female had a satis- 
factory response to thiouracil but experi- 
enced fever reaching 105° F. on 3 different 
occasions. The febrile attacks were ac- 
companied by epigastric distress, low back 
discomfort, and pain in the eyes. The 
conjunctive were injected and there was 
profuse lacrimation. A_ thyroidectomy 
was then performed.. Twelve hours post- 
operatively a dose of 0.2 gm. of thiouracil 
produced a typical febrile reaction, occur- 
ring 7 hours after the administration of 
the test dose. The authors conclude that 
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this was “probably a drug allergy” and 
not a typical toxic effect. The nature of 
this type of untoward effect needs further 
investigation before effective therapy can 
be recommended. 

Cases Refractory to Thiouracil. No con- 
vineing reports of complete persistent 
resistance to thiouracil therapy have been 
published in the literature. In our group 
of 80 patients, we concluded that in 2 pa- 
tients the results were only moderately 
successful and hence it was deemed advis- 
able to perform a thyroidectomy. The 
case histories of these 2 patients are as 
follows: 


Case 1.—D. G., No. 549046, a 14 year 
old, white female, was admitted on June 6, 
1944, with a history of shaking and ner- 
vousness since 1939 and with the onset of 
swelling in the neck in 1940. The goiter 
had progressed in size and in March 1944 
the onset of blurring of vision was noted. 
On physical examination her skin was hot 
and moist. Exophthalmos was not present. 
The pulse was 126 per minute and the blood 
pressure 220/50. There was a fine tremor 
of the extended fingers and a diffusely en- 
larged thyroid gland. No definite evidence 
of cardiac disease was observed. The B.M.R. 
was +61 on June 7, 1944. Thiouracil was 
started in a dosage of 0.4 gm. daily on June 8, 
but 12 days later it was necessary to dis- 
continue the drug for 4 days because of a 
cutaneous complication. At the end of this 
time, thiouracil therapy was resumed and 
the patient was kept in the hospital in bed 
until August 24, when her B.M.R. reached 
+16. She then continued this dosage for 
2 weeks while resting at home, after which 
time it was reduced to 0.2 gm. daily. On 
December 6 the B.M.R. was +17. Her 
general condition had shown only moderate 
improvement and she had been attending 
school half-time. Thiouracil was continued 
in a dosage of 0.4 gm. daily and on April 13, 
1945, her B.M.R. was —3%. Although 
her condition had improved greatly she was 
not entirely normal and hence thyroidec- 
tomy was performed. 

Case 2.—C. 8., No. 568346, an 18 year 
old, white male, was admitted on May 9, 
1945, with a history of onset of symptoms 
of thyrotoxicosis in November 1944. There 
was heat intolerance, insomnia, increased 
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appetite with weight loss of 30 pounds in 
6 months, with nervousness and marked 
tremor. On physical examination his pulse 
rate was 130 per minute and blood pressure 
155/80. The skin was warm and moist. 
There was no exophthalmos. Two nodules 
about 2 cm. in diameter were present in the 
thyroid. The B.M.R. on May 23, 1945, 
was +43, and after 3 days of bed rest was 
+50. Thiouracil was started on May 29 
in a dosage of 0.6 gm. per day. He was 
discharged from the hospital receiving this 
amount on July 14. The B.M.R. on Aug- 
ust 14 was +36 and on September 20 was 
+16%. The patient was readmitted on 
November 6, at which time the B.M.R. was 
found to be +9. The residual symptoms of 
thyrotoxicosis were present. 


Both of these patients were young and 
had high basal metabolism rates with 
high pulse pressures. In both cases the 
B.M.R. was reduced to normal limits with 
thiouracil but not as rapidly as in the 
usual case. What is more important, the 
clinical condition did not improve suffi- 
ciently despite the prolonged periods of 
treatment. The first patient received 
0.4 gm. daily or more during the 2 month 
period of hospitalization, 0.2 gm. per day 
for 4 months at home, and then 0.4 gm. 
per day for 4 months which is a total 
period of treatment of 10 months. In the 
second case the patient was maintained 
on maximum (0.6 gm.) doses of thiouracil 
for an interval of 5 months. He had a 
distinct tendency to improve during hospi- 
talization but the symptoms became inten- 
sified on resumption of normal activities. 
The fact remains, however, that this 
patient could not be made entirely free of 
symptoms without an undesirably long 
period of hospitalization. Hence it was 
concluded that probably surgery offered 
the best opportunity for cure. Although we 
have found no mention of this fact in the 
literature, our experience gives the im- 
pression that the clinical response of out- 
patients is in general slower and less satis- 
factory than that of in-patients on thio- 
uracil. 

Carcinoma of the Thyroid Gland in Rela- 
tion to Thiouracil Treatment. Carcinoma 


has been reported to occur in from 2 to 
11 % of patients with nodular goiters. Two 
of our 31 patients with nodular goiters 
were found to have adenocarcinoma of 
the thyroid at operation. In both in- 
stances the true diagnosis was suspected 
preoperatively. Nevertheless, although 
this represents an incidence of only 2.5% 
of our total of 80 patients with toxic dis- 
ease of the nodular and non-nodular types 
of goiters, it is an incidence of 6.6% in 
patients with nodular goiter. For this 
reason it is our policy to employ thiouracil 
in patients with nodular goiters only as a 
preoperative measure. This procedure is 
followed in most large thiouracil series. 
The Unreliable Patient. An ever-present 
reason for failure of thiouracil therapy is 
that a small percentage of patients cannot 
be relied upon to follow directions care- 
fully. It is unsatisfactory to administer 


thiouracil to patients who are incapable 


of satisfactory coéperation, for at least 
2 reasons. In the first place, such patients 
are likely to discontinue therapy or be 
irregular in taking their medication after 
variable periods of time and consequently 
suffer partial or complete relapse of the 
toxic thyroid state. Second, security as 
far as protecting the patient against a 
possible attack of agranulocytosis, depends 
upon the early recognition and heeding of 
symptoms such as fever, sore throat, der- 
matitis, and other toxic manifestations. 
When such symptoms do occur, as has 
been emphasized, then the patient should 
at once consult a physician promptly and 
have a white blood cell count and differen- 
tial count done. In no other way can 
agranulocytosis be detected and the life- 
saving penicillin therapy instituted early 
in the course of the disease. If a patient 
is not sufficiently dependable to codperate, 
it is recommended, for the reasons given 
above, that a thyroidectomy be performed 
after thiouracil has been administered pre- 
operatively under close observation for a 
sufficient period of time to secure the 
maximum fall in the basal metabolic rate. 

Cosmetic Effect. The occasional large 
toxic goiter which presents an undesirable 
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cosmetic defect should, of course, be re- 
moved surgically. This is not in any way 
a complication of thiouracil therapy. The 
removal of such large goiters, however, is 
attended by a higher morbidity than when 
the gland is smaller. It is all the more 
important, therefore, to reduce the toxic- 
ity as far as possible preoperatively. In 
our opinion this can best be accomplished 
with thiouracil. 

Reactions Not Usually Requiring the 


‘Discontinuance of Thiouracil. A consid- 


eration of the published reports dealing 
with the undesirable effects of this drug 
leads one to suspect that possibly all of 
the reported reactions are not due to thio- 
uracil. For example, in 1 small series a 
high incidence of a certain type of reac- 
tion occurred, such as jaundice, while in 
other large series this complication has 
never been present. One of our own 
patients developed fever and diarrhea 
which was at first attributed to thiouracil. 
The symptoms disappeared promptly, 
however, following removal of a fecal 
impaction. 

Dermatitis. This usually is of a maculo- 
papular variety, sometimes morbilliform, 
and occasionally urticarial in type. There 
was only 1 case of dermatitis in our series 
of 80 patients which we thought undoubt- 
edly was due to thiouracil. The rash dis- 
appeared when the drug was discontinued 
and did not reappear when it was resumed. 
This reaction was of an acneform variety 
with intense pruritus and accompanied by 
leukopenia. Three of our patients devel- 
oped a dermatitis which was thought to 
be due to thiouracil but disappeared when 
only phenobarbital was withheld. It is 
possible that some of the reported episodes 
of dermatitis have actually been due to 
various hypnotic drugs, such as_ the 
barbiturates, administered coincidentally 
with thiouracil. Williams and Clute’® 
report 4 cases of dermatitis in 152 patients 
(2.6%), Gargill and Lesses® none in 43, 
and Lahey and Bartels'® 4 in 190 (2.1%). 
Most authors agree that this reaction may 
be avoided when the drug is resumed, espe- 
cially if it is given in smaller doses. 
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Leg Edema. Edema of the legs has been 
reported to occur by Williams and Clute’® 
in an incidence of 3.9%. Such a compli- 
cation is not mentioned as having been 
present in the series of 190 patients re- 
ported by Lahey and Bartels,’ nor has it 
been observed in our patients. 

Jaundice. This complication has been 
reported as developing in 2 of 43 patients 
of Gargill and Lesses (4.6%)*® but not in 
the large series of Lahey and Bartels!® or 
in that of Williams and Clute. Other 
authors with smaller series, however, have 
also noted this complication. It has not 
been observed in our patients. Though 
Gargill and Lesses have made a very 
thorough study of their cases of jaundice, 
apparently there are no reports of recur- 
rence of the jaundice following a resump- 
tion of the thiouracil therapy. 

The Goitrogenic Effect of Thiouracil. A 
majority of authors agree that thiouracil 
does not produce significant enlargement 
of the thyroid gland grossly in man. 
Astwood? states that in some of his patients 
a definite goitrogenic effect was observed. 
The point is unsettled because no accurate 
means of measuring thyroid size has been 
employed. The gland often appears to 
diminish in bulk because it may soften 
during thiouracil administration and con- 
sequently blend more readily with the 
normal neck contour. It is logical to 
assume that the lack of gaitrogenic effect 
in humans is due to (1) smaller dosage of 
thiouracil on body weight basis than that 
used in rats to produce goitrogenic effect, 
and (2) hypothyroidism is uncommonly 
produced in humans and, therefore, the 
stimulus to thyrotropic hormone produc- 
tion is not as great as in the animal with 
hypothyroidism induced by the drug.” 

Production or Accentuation of Exophthal- 
mos. In our experience there has been 
no higher incidence of progressive exoph- 
thalmos in patients treated with thiouracil 
than in those in whom a thyroidectomy 
was performed. Some authors believe 
that the slower lowering of the B.M.R., 
as in thiouracil treatment, is less liable 
to induce progressive exophthalmos than 
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* This paper has since been published in J. Am. Med. Assn., 131, 735, 1946. 


surgical therapy. At any rate, we are now 
using thiouracil plus desiccated thyroid to 
treat malignant exophthalmos. 

Other Reactions. These include “aller- 
gic” arthritis and cervical and salivary 
gland adenopathy. Adenopathy has oc- 
curred in our series only in conjunction 
with neutropenia. The case of generalized 
adenopathy reported by Gabrilove and 
Kert,* however, did mention that the 
peripheral blood was normal at the time 
of the reaction. 

Conclusions. In our experience thio- 
uracil has proved to be a valuable drug 
when employed preoperatively in pa- 
tients with both nodular and hyperplastic 
toxic goiter. It is superior to iodine when 
used in this way because the basal meta- 
bolic rate may be brought to zero or lower, 
and also because it is equally effective in 
both types of toxic goiter. In our experi- 
ence, iodine has not been highly satisfac- 
tory in the preoperative treatment of 
patients with toxic adenoma, and also in 
many cases with the exophthalmic type, 
especially when it has been previously 
administered, or possibly when the pa- 
tients have ingested iodized salt over a 
long period of time. In only 1 patient in 
our group of 80 has the B.M.R. failed to 
fall to below zero following the adminis- 
tration of the drug. In this patient, 18 
years of age, the lowest B.M.R. was +9 %. 
The importance of the reduction of the 
basal metabolic rate to normal before 
thyroidectomy is performed is recognized 
by all physicians who have had experience 
in this field; it is especially emphasized 
by the observation that when such patients 
are “iodine resistant” the operative mor- 
tality rate is 24 times higher than in the 
patients in whom a satisfactory result has 
been attained by the use of iodine before 
thyroidectomy was performed.“ Further- 
more, it is recognized that thiouracil may 
prove, in certain instances, to be the 
treatment of choice in patients with toxic 
goiter. Further conclusions concerning 
this will be presented in a subsequent 
paper now in preparation.* 
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The most serious objection to the use 
of the drug is the occasional occurrence 
of agranulocytosis which may terminate 
fatally. It is our belief, however, that if 
this complication is kept in mind and 
detected at the earliest possible moment, 
then prompt discontinuance of the drug, 
and institution of penicillin therapy should 
avert a fatal issue in all instances. Never- 
theless, it must always be recognized as a 
dangerous complication, and the patient 
should be instructed to report to a physi- 
cian for a blood examination when even 
the slightest warning symptoms appear. 

Summary. 1. Ten fatal cases of agranu- 
locytosis occurring during the administra- 
tion of thiouracil have been collected from 
the.literature and by personal communica- 
tions. They reveal a common pattern 
when analyzed which gives definite clues 
to follow in the prevention of fatalities 
due to this complication. 

2. The most satisfactory method of 
preventing fatalities from agranulocytosis 


is to warn the patient who is taking 
thiouracil to discontinue the drug prompt- 
ly following the appearance of fever with 
or without sore throat, skin rash or aden- 
opathy. If a white blood cell count and 
estimation of the neutrophil percentage 
shows a significant depression of the cells, 
then penicillin should be administered im- 
mediately until such time as the blood 
count becomes normal again. 

3. Thiouracil therapy may then be re- 
sumed but it should be recognized that 
there is a definite risk of recurrence of 
this agranulocytic reaction. 

4. Other complications requiring thy- 
roidectomy ultimately are febrile reactions, 
relative thiouracil resistance, nodular thy- 
roid, large goiter, and failure of the patient 
to cooperate. 

5. The remaining complications occur- 
ring during thiouracil administration ordi- 
narily do not require more than temporary 
cessation of the drug. 
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STUDIES ON THE PENETRATION OF SULFONAMIDES INTO THE SKIN 


Ill. PENETRATION OF SULFANILAMIDE AND SULFATHIAZOLE INTO INTACT AND 
INJURED SKIN OF GUINEA PIGS FROM VARIOUS VEHICLES, INCLUDING 
POLYETHYLENE GLYCOLS (‘“‘CARBOWAX”’)* 


By G. Criark, Px.D. 


ASSISTANT PROFESSOR, DEPARTMENT OF ZOOLOGY, UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTAT 


In the first 2 papers of this series,***7 
the effect of time of application of water- 
in-oil (W/O) and oil-in-water (O/W), 
representative ointments upon penetra- 
tion of different concentrations of sulfon- 
amides, was studied in intact skin of 
guinea pigs and humans. Concentration 
of sulfonamide had little effect, whereas 
longer times of application increased pene- 
tration. A few experiments were reported 
on penetration into injured skin. The 
more soluble sodium sulfacetimide pene- 
trated more than sulfanilamide (SNA), 
sulfathiazole (SAT) or sulfadiazine (SAD). 
Wet packs with a detergent gave greater 
penetration than any of the ointment 
bases studied. In injured skin, prelimin- 
ary studies showed that the concentration 
of sulfonamide as well as time of applica- 
tion determined the extent of penetration. 

Since the first 2 papers of this series 
appeared, several workers have reported 
on penetration of sulfonamides. Many 
workers have studied sulfonamide libera- 
tion and diffusion from various ointments, 
by utilizing the cup test against bacterial 
plate cultures, or qualitative or quantita- 
tive determination of the concentration of 
liberated sulfonamides in an aqueous 
phase.':7,5.24 These methods are open to 
criticism if not compared directly with 
in vivo experiments, particularly when 
applied to skin, since the skin barriers 
are multiphase systems and are not 
strictly comparable with aqueous solutions. 


Other investigators have used blood levels 
as a measure of the penetration of topically 
applied sulfonamides.**” This technique 
does not reveal local concentrations at- 
tained by sulfonamides liberated from 
various vehicles, and at best relates rela- 
tive rates of penetration. If compared 
with local tissue concentrations, however, 
it yields valuable information. 

Various new methods have been used 
to investigate the penetration of drugs. 
Johnston and Lee’ suggest radioactive 
tracer compounds to follow skin absorp- 
tion. MacKee, Herrmann, Baer and 
Sulzberger” introduced a method for the 
histochemical detection of sulfonamides 
and other drugs in the skin after topical 
application. The method involves gas- 
eous fixation to avoid displacement of 
drugs in tissues by diffusion. The method 
identifies loci of penetration but does not 
permit quantitative assessment of the 
amount of penetration although it does 
permit qualitative estimates. Later the 
same workers,” using such techniques, 
described the effects of surface active 
agents, vehicle effect, solubilizers and 
coupling agents on the course of penetra- 
tion, and estimated the degree of pene- 
tration of sulfonamides into the intact skin. 

Helander," by freezing-lyophilization 
fixation and fluorescent microscopy of tis- 
sue sections, was able to identify loci of 
penetration of sulfonamides into tissues.{ 
These techniques do not quantitatively 


* The work described in this paper was done partly under a contract recommended by the Committee 
on Medical Research, between the Office of Scientific Research and Development and the University 
of Minnesota. It also was aided by a grant from the Westwood Pharmacal Corporation, Buffalo, New 
York, through the aid of Mr. Charles A. Oclassen, Research Advisor. 

+ Newaddress: Department of Pharmacology, School of Medicine, University of Southern California, 


Los Angeles 7, California. 


{t Miescher®® described similar techniques for identifying penetration of substances other than sul- 


fonamides into intact skins of guinea pigs. 
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measure the amount of penetration, al- 
though they yield useful information on 
the course of penetration and a qualita- 
tive measure of its extent. 

Woodard et al. on the other hand, 
evaluated the penetration of sulfonamides 
into intact rabbit skin by direct chemical 
analysis of skin biopsies, as well as by 
blood and urine analysis. The effects of 
time of application, concentration of sul- 
fonamide, vehicle and surface active 
agents were studied. Glycol bases as 
sulfonamide solvents were superior to 
the usual W/O, O/W, fatty or jelly bases. 
In agreement with the first 2 reports of 
the present series, 37 they found that 
concentration had little effect (6% SAT 
gave as much penetration as 20%) and 
that penetration increased with time. 
Studies on injured skin were not reported. 

Much has been written on penetration 
of sulfonamides into wounds. Hawking’®™ 
studied penetration into adjacent tissues 
and blood of crystalline SNA and SAT 
locally implanted in wounds, as well as 
comparing in vitro with in vivo studies of 
penetration of SNA from various ointment 
bases. Waud*! determined the concen- 
trations of SAT at different levels of 
muscle underlying the skin of rabbits, 
when various concentrations of SAT were 
implanted subcutaneously in different 
bases for various times. Penetration was 
found to be dependent upon time, con- 
centration and the type of base. Water- 
soluble or O/W emulsion bases gave bet- 
ter penetration than W/O or oily bases. 
In no event did the tissue concentration 
exceed 5 to 6 mg. per 100 gm., and the 
concentrations of SAT in the tissue be- 
yond 2 to 3 mm. in the muscle were less 
than if the SAT were administered orally. 
This is in agreement with Hawking," who 
found that SAT does not penetrate mus- 


OF SULFONAMIDES INTO THE SKIN 


cle tissue more than 2 to 3 mm. before it 
is swept away by blood. When the circu- 
lation is impaired, as in gangrene, the 
local tissue concentrations may reach 
much greater levels, as shown by. Reed 
and Orr.”* 

Wound exudates contain nearly the 
same sulfonamide concentration as blood, 
after oral administration;*! thus the levels 
are necessarily lower than can be obtained 
by local application if the blood does not 
sweep away the drug. 

The present study had for its aim an 
extension of the studies on penetration of 
sulfonamides into injured skin from vari- 
ous vehicles, noting particularly the effects 
of concentration, time of application and 
the nature of the vehicle. Emphasis has 
been made of the polyethylene glycols 
(“Carbowaxes”) as vehicles in various 
forms because of their low toxicity * and 
because of their high solvent powers for 
the sulfonamides. Yonkman et 
describe propylene glycol as a non-toxic 
solvent for high concentrations of sulfon- 
amides, and since then this glycol has 
been used in surgery.’ The use of propy- 
lene glycol led to the study of the less 
toxic higher glycols. Appleby? dissolved 
high concentrations of SNA in propylene 
glycol and in a mixture of propylene gly- 
col and triethylene glycol, and used such 
solutions, along with urea, in veterinary 
surgery. At the present time, the poly- 
glycols such as the polyethylene glycols 
(“ Carbowaxes”®) are finding more use in 
dermal cosmetic preparations®® and as 
ointment bases.'*:?° The solubility of sul- 
fonamides in these substances is higher 
than in any other non-toxic excipient yet 
described. SAT and SNA make solutions 
of 15 to 25% in these water-soluble 
“waxes.’t Moreover the addition of 
either SNA or SAT in the form of aqueous 


* The toxicity of glycols decrease with increased molecular weight,** and the glycols, particularly the 
polyglycols have a very low toxicity.‘.8.12 19,33,34,35,39,40 The higher glycol polymers (‘‘Carbowax 1500, 
1540, 4000’’)5 have nearly no local toxicity on intact skin, and low eens qualities on mucosa and the 
eye,*4,% and do not impair epithelization of wounds.*.16 

{t Approximate solubilities of SNA and SAT in Carbowaxes at room temperature (data supplied 


by the Westwood Pharmacal Corp.:) 


Solvent. Cbwx-1500 Cbwx-4000 
Solvent conen., % (aq. sol.) 100 90 80 65 . 80 70 60 50 
% SAT 21 24 16 iil 6 
15 20 8 4 14 10 7 4 
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solutions in 50% Carbowax 4000° effects 
higher concentrations of these drugs in 
blood serum than does the addition of 
either SNA or SAT in the form of powders, 
as well as afford greater bacteriostatic 
action against S. aureus.* 


Methods. 1. The techniques of applying 
the ointments to normal and abrasedf skin 
of guinea pigs held in confining cages,t and 
the method of analysis of skin biopsies, was 
described in the first 2 papers of this ser- 
87 The work of Woodard et al.,” already 
described in the introduction above, included 
a technique of biopsy analysis essentially 
similar to our previously reported methods, 
as confirmed by personal communication 
with Dr. R. B. Smith, Jr.,* of the Food and 
Drug Administration. 

2. Sulfonamides. Only SNA and SAT 
were studied, in concentrations ranging 
from 1 to 30%. 

3. Time of Application. From 0 to 6 hours. 

4. Site of Application. Since there were 
large individual variations from animal to 
animal, due presumably to skin and abra- 
sion* differences, the data were considered 
more significant when one or more variable 
was appropriately controlled in the same 
animal. If, for example, SAT concentration 
was the variable, this variable was con- 
trolled on the same animal, keeping vehicle 
and time of application, as well as the con- 
dition of the skin a constant. If 10% SAT 
gave more penetration than 5%, the number 
of times it exceeded 5% was considered a 
better basis for comparison than the actual 
tissue concentrations found, if comparisons 
were to be made between different animals 
and between different experiments. 

5. Biopsy Analysis. The method of 
biopsy has been described previously.**37 
Usually 2 to 4 animals were used per experi- 
ment. At least triplicate tissue aliquots 
were analyzed from each biopsy, and in some 
cases 6 to 8 per biopsy. The experiments 
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were repeated at least once, and in some 
cases several times, as indicated by the 
columns “Expt. No.” and “No. of analyses” 
in the tables. 

6. Bases and Reagents. In the first 2 
papers of this series, O/W and W/O bases 
were compared, and in a few cases, wet packs 
with detergents. In the present report, the 
bases studied are listed below: 

“Hydrosorb” (Abbott): W/O base con- 
sisting of oleic acid, white petrolatum and 
oleic acid esters and amides of diethanol- 
amine. The sulfonamides were incorporated 
by tile and spatula. 

Base 104, W/O: “Aquaphor” (Duke), a 
W/O base consisting of alcohols and chol- 
esterol esters in petrolatum, 45.5%; Carbo- 
wax 4000,° a polyethylene glycol of approxi- 
mate mol. wt. of 3600, a water-soluble waxy 
solid, 45.5%; water,9%. Heated and emul- 
sified as cooled. Sulfonamides dissolved in 
the Carbowax-water phase by heat before 
emulsifying with Aquaphor. 

Carbowax 50, 50%:§ 50% aqueous Carbo- 
wax 4000, containing desired concentration 
of sulfonamide, dissolved with heat. A solu- 
tion, applied as wet packs, wetting every 
30 minutes or so. Cover packs with waxed 
paper. 

Carbowax 1500, 50%: Same as above, but 
using Carbowax 1500 instead of 4000. 

Carbowax 70-30: Carbowax 4000, 70%; 
Carbowax 1500, 30%. Carbowax 1500 is 
a mixture of polyethylene glycols of an 
average mol. wt. of 1250, containing equal 
parts of Carbowax 300 (hexaethylene glycol) 
and Carbowax 1540.° Itis a soft, translucent 
substance with the consistency of petrola- 
tum. Sulfonamides dissolved with heat. 

Carbowax 80-20: Carbowax 4000, 80%; 
Carbowax 1500, 20%. Too stiff alone, but 
plasticized by addition of SAT. 

Carbowax 19-75: Carbowax 4000, 75%; 
Carbowax 1500, 19%; water, 6%. 

Base 121 (O/W): Carbowax 4000, 55%; 
white petrolatum, 30%; “‘Arlacel-C” (Atlas 


* Summary of laboratory reports supplied by the Westwood Pharmacal Corporation. ; 
+ As described previously, the depilatated skin was uniformly and severely abrased with flooring 


sandpaper. 


Scalpel scratches and cuts, as well as abrasion by sandpaper, are difficult to reproduce. 


Recent attempts indicate that it is feasible to produce a uniformly deep denuded epithelium by the 
use of a 4 inch Padgett Dermatome,?’ used in obtaining donor grafts (Kansas City Assemblage Co., 


609 E. 17th St., Kansas City, Missouri). 


width desired for the denuded area, then covered with Dermatome cement. 


The Dermatome first is covered with adhesive tape of the 


The skin is clipped, 


shaved and depilatated with a paste made by mixing water with 20 parts starch, 20 parts zinc oxide 


and 60 parts of strontium sulfide. 


The skin also is covered with a layer of Dermatome cement. 


The 


Dermatome knife should be made of hard steel and must be very sharp. : 
t Other restraining devices, for long duration experiments on small animals have been described.*.** 


§ ‘‘Westhiazole’’ base. 
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Powder Co.; an emulsifier, one of the long 
chain esters of the hexitol inner ethers), 5%; 
water, 10%. Emulsified at 55° C. Sulfon- 
amide dissolved in Carbowax phase. 

Base 121A: Same as 121, but increase 
Carbowax to 58% and decrease water to 7%. 

Base 101 (O/W): Carbowax 4000, 19%; 
Carbowax 1500, 29%; white petrolatum, 
29%; stearic acid, 19%; sodium lauryl sul- 
fate, 2%; water, 2%. Sulfonamide dissolved 
in Carbowax. Stearic acid dissolved in Car- 
bowax. Water plus lauryl sulfate emulsified 
with petrolatum plus Carbowax phase, 
while warm. 

Base 102 (O/W): Carbowax 4000, 16%; 
Carbowax 1500, 25%; white petrolatum, 
38%; stearic acid, 16%; sodium lauryl sul- 
fate, 2%; water, 3%. Handled same as 101. 

Base B (O/W): (Similar to Base B de- 
scribed in first paper of this series.) Liquid 
petrolatum, 41%; corn oil, 2%; triethanola- 
mine, 1%; stearic acid, 3%; cetyl alcohol, 
2%; water, 51%. 

5% ‘“Methocel” Gel: (5% Methocel 
(Dow) in water. Methocel is methyl cellu- 
lose. The type used was Dow 4000CPS.) 
50 cc. water brought to a boil in beaker. 
Add 2.5 gm. Methocel and wet thoroughly. 
Place beaker in brined iced water and cool, 
stirring carefully to avoid bubble forma- 
tion. Just before mixture gels, add 5 cc. 
Ehrlich’s reagent* and mix. Pour ca. 18 cc 
into large test tube and gel in iced water. A 
stiff, water-transparent gel results which turns 
yellow on addition of sulfonamides. 

Locke’s agar with Ehrlich’s reagent: (Used 
by Lum?” for sulfonamide diffusion experi- 
ments.) Agar 40 gm.; NaCl, 9 gm.; KCl, 
0.2 gm.; CaCl, 0.2 gm.; water to 1 liter 
To each 100 ce. liquid agar add 1.25 ce. 
Ehrlich’s reagent just before pouring into 
tubes. 

7. In Vitro Diffusion Experiments. Effects 
of time of diffusion, sulfonamide concentra- 
tion, and vehicles. SAT, 1%, 5%, 10% and 
30% in Aquaphor, Base 121, Base 104 and 
Carbowax 70-30, and as a pure powder or 
10% aq. suspension of powdered or “ Micro- 
crystalline” SAT,} were studied, with respect 
to rate and relative intensity of diffusion, 
in 4% Locke’s agar with Ehrlich’s reagent. 
The yellow color with Ehrlich’s reagent, 
when viewed through a blue filter appears 
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as a bright orange or red. A Wratten filter 
combination of maximum absorption of 
4300 to 4700 A was used, and a light source 
concentrated through a slit and lens system 
illuminated the tubes from behind. The agar 
or Methocel gels were contained in 6 inch 
test-tubes and the sulfonamide preparations 
placed on top. The tubes were incubated 
at 37° C. and observed daily for 6 to 8 days. 
In a second experiment, instead of using 
agar (not transparent, slightly yellow), a 
water-transparent Methocel gel was used. 
A wet cotton disk diffusion barrier was placed 
between the gel and the sulfonamide prepa- 
ration. SAT, 1%, 5% and 10%, was in- 
corporated into Carbowax 70-30, Base B, 
Base 104, Aquaphor, and as a saturated 
aqueous solution. 


Results. 1. Effect of Skin Injury on 
Penetration. Table 1 and Figure 1 sum- 
marize the results of 6 experiments on 18 
guinea pigs, in which 207 biopsy analyses 
were performed. SNA and SAT, 10 and 
20%, suspended in Hydrosorb and dis- 
solved in Carbowax 70-30 or Carbowax 50, 
were applied for 4 hours to normal and 
abrased areas on the same animals. 

Abrasion increased the penetration of 
both SNA and SAT from Hydrosorb 1 to 
4 times, whereas it increased penetration 
from the Carbowax mixtures 3} to 9 times. 
In every case the Carbowax increased the 
abrasion effect more than Hydrosorb. 
The average skin concentration ranges 
were 7 to 18 mg. per 100 mg. skin for 
normal skin and 17 to 85 mg. per 100 gm. 
for abrased skin. 

2. Effect of Time of Application. In 
all cases abrased areas were used. SAT 
(1, 5, 10 and 30%) was used in Base 104. 
Only 1 concentration of SAT was used on 
any 1 animal, and was applied for 1 and 
for 6 hours to this animal. Table 2 and 
Figure 2 summarize the results. 

It is seen that for Base 104, 6 hours 
application gives only av. 1.4 times 
greater penetration than 1 hours applica- 
tion, and that concentration has little or 
no effect on this difference. Table 3, dis- 


* p-Dimethylaminobenzaldehyde (Eastman), 1.57 gm.; 10%HCl (U.S.P. 23.6 cc. conc. HCl in 


100 cc.), 20 cc.; water, to 100 cc. 


{ Smith, Kline & French Laboratories, Philadelphia. 
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cussed below, illustrates the same thing 
but in a different mode of expression. 

3. Effect .of Concentration of Sulfon- 
amide. SAT in Base 104 was applied for 
1 or for 6 hours to abrased skin. The 
concentrations compared in any 1 animal 
were 30 versus 1%, 30 versus 5% and 
30 versus 10%. The results are summar- 
ized in Table 3 and Figure 3. 
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It is seen that only 1% SAT gives 
markedly less skin concentrations than 
30%. The tissue concentration ranges 
increase with concentration but are above 
an average of 100 mg. per 100 gm. with 
10% SAT even within 1 hour. It is con- 
cluded that although concentration in- 
creases penetration, 5% SAT is as effec- 
tive bacteriostatically as 30%. It is 


TasBLe 1.—Errect or SKIN INJuRY ON PENETRATION OF SULFONAMIDES FROM HyDROSORB 
AND CARBOWAX 


Variable Av. Tissue sulf. concn. 


No. G. No. Sulf. used giving of (mg./100 gm.) 
Exp. pigs anal- and Base Hrs. greatest times 
No. used yses concen. applied applied _penetr. greater Range Av. 
21 3 18 SNA, 10% Hydrosorb 4 Abrased a Normal 7-20 11.5 
Abrased 10-26 17.0 
18 SNA, 10% Carbowax 70-30 4 Abrased 3.7 Normal 5-14 8.0 
Abrased 18-38 26.0 
22, 23 6 18 SNA, 10% Hydrosorb 4 Abrased 3.3 Normal 11-15 12.5 
Abrased 23-33 26.5 
35 SNA, 10% Carbowax 1500 4 Abrased 7.5 Normal 6-15 11.0 
% Abrased 31-200 85.0 
24, 26 7 39 SNA, 20% Hydrosorb 4 Abrased 1.5 Normal 16-22 18.0 
Abrased 22-59 30.0 
39 SNA, 20% Carbowax 70-30 4 Abrased 3.5 Normal 13-26 18.0 
Abrased 40-140 71.0 
25 2 20 SAT, 20% Hydrosorb 4 Abrased 3.9 Normal 7-9 8.0 
Abrased 21-46 33.0 
20 SAT, 20% Carbowax 70-30 4 Abrased 9.4 Normal 6-9 7.0 
Abrased 40-100 70.0 
SAT 
3 
No of times © 
abrased > norma >< 
10- 
SNA 
[__] Hyprosors 
> ~< 
CARBOWAX 
SNA 
2 R « 
=< (=) 
3 
+} 
GB =z cc 
a 
a = 
= 
410% 20% CONCN. 


Fig. 1.—Effect of skin injury on penetration of sulfonamides from Hydrosorb and Carbowax, 
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interesting that Woodard et al.” found 
that 5% SAT gave as much penetration 
as 20% in intact skin of rabbits, in agree- 
ment with previous reports,*?7 which 
showed no greater effect with 10% SNA 
than with 1% in intact skin of guinea pigs 
and humans. 

Table 4 compares the penetration of 
1 and 30% SAT from other bases than 
Base 104. 

4. Effects of Bases. (a) Normal Skin. 
20 % SNA in Hydrosorb and in Carbowax 


TaBLE 2.—ErFrect oF TIME oF APPLICATION 
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70-30 was applied for 2 hours to the same 
animal. Table 5 summarizes the results 

It is seen that there is no difference in 
penetration into normal skin from Carbo- 
wax than from Hydrosorb, within 2 hours. 
From the results previously reported,**’ 
it was shown that penetration of 10% SNA 
from Hydrosorb into intact guinea pig 
skin was greater after 48 hours than after 
24 hours. Presumably in intact skin, 
2 hours application does not suffice to 
cause vehicle differences. This may ex- 


ON PENETRATION oF SAT Into INJURED SKIN 


From Base 104 


Exp. No. G. pigs No 
No. used analyses SAT. concen. 
38, 39 7 42 1% 
40, 41 8 45 5% 
42, 43 7 42 10% 
34, 43 35 209 30% 


Variables compared: 6 hrs. application vs. 1 hr. 


Variable 


no. bimeS 6 hrs. > 1 hr. 


Tissue sulf. conen. 


giving Av. No. (mg./100 gm.) 
greatest of times 
penetr. greater Range Av. 
6 hrs. 1.5 lhr. 13-38 25 
6hrs. 19-74 33 
6 hrs. 1.9 1 hr. 15-186 . 65 
6hrs. 29-286 122 
6 hrs. 0.8 lhr. 53-208 119 
6hrs. 28-413 171 
6 hrs. 1.3 1 hr. 37-465 174 
6hrs. 49-815 271 
Mg % SKIN 
ONCN. 


0 


Ss 10 15 


Fic. 2 —Effect of time of application on penetration of SAT into injured skin from Base 104. 
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plain the difference between the present 
results and those previously reported,**47 
as well as those described by Woodard 
et al.,” who found glycol bases to give 
greater penetration than all other bases 
they tested. Their application times were 
extended up to 24 hours, as compared 
with 2 hours in the present study. 
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(b) Injured Skin. 10 to 30% SNA in 
Hydrosorb, Base 104 or Carbowax 70-30 
was applied for 1 to 6 hours to abrased 
skin. In any 1 animal, all variables were 
kept constant except 2 different bases. 
Table 6 summarizes the results. 

Base 104, containing Carbowax, gave 
greater penetration than Hydrosorb, and 


TABLE 3.—ErFFrect OF CONCENTRATION ON PENETRATION OF SAT InTo INJURED SKIN 
From Base 104 


Variable Tissue sulf. conen. 
; giving Av. No. (mg./100 gm.) 
Exp. Variables No. G. No. Hrs. greatest of times a = 
No. compared pigs used analyses applied penetr. greater Range Av. 
38, 39 1 vs. 30% 7 42 1 30% 8.8 1% 13-38 25 
30% 94-350 208 
38, 39 1 vs. 30% 7 42 6 30% 9.7 1% 19-74 33 
30% 219-685 348 
40, 41 5 vs. 30% 8 33 1 30% 1.9 5% 15-186 65 
30% 37-418 155 
40, 41 5 vs. 30% 8 29 6 30% 1.6 op 29-286 122 
30% 78-588 184 
42, 43 10 vs. 30% 7 42 1 30% 0.8 . 10% 53-208 119 
30% 73-360 152 
42 46 10 vs. 30% 20 111 6 30% 1.5 10% 13-413 114 
30% 41-550 230 
Mg SKIN 
ONCN 
7 300 
NO. of times 
30% is greate> 
10 4250 
g 4200 
6 4150 


10 15 


Fic. 3.—Effect of concentration on penetration of SAT into injured skin from Base 104. 


20 conn? 


n 

4 2 100 
2 50 


530 CLARK: STUDIES ON PENETRATION 


pure Carbowax gave greater penetration 
than either Base 104 or Hydrosorb. Thus, 
as the concentration of Carbowax increas- 
ed, the penetration increased. 

5. In vitro Diffusion Experiments. Fig- 
ures 4 and 5 depict the results of the 
diffusion of SAT into agar and into 
Methocel gel. 

The results show: (1) The rate and 
amount of diffusion of SAT from the dif- 
ferent preparations was as follows: Car- 
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bowax bases > Carbowax—grease bases > 
aqueous solutions, powders or O/W bases > 
W/O bases (Aquaphor, Hydrosorb). (2) 
The rate and amount of diffusion of SAT 
from Carbowax alone, independent of con- 
centration, is due to Carbowax itself dif- 
fusing and carrying dissolved SAT with it. 
This is indicated by the fact that color 
standards of SAT showed much less in- 
tense color for saturated aqueous solutions 
of SAT than the diffusion fronts in the 


TABLE 4.—EFFect OF CONCENTRATION ON PENETRATION OF SAT Into INJuRED SKIN FrRoM 
Various Bases 


Exp. Variables No. G. No. 
No. compared pigs analyses Base 
29 1 vs. 30% 2 12 Carbowax 
19-75 
30 1 vs. 30% 2 12 Carbowax 
31 vs. 30% 2 6 Carbowax 
80-20 
32 1 vs. 20% 2 12 101 
6 101 
33 1 vs. 20% 3 18 102 
18 102 


Variable Av. No. Tissue sulf. conen, 


giving of (mg./100 gm.) 

Hrs. greatest times 
applied _penetr. greater Range Av. 
2 30% 6.0 1%, 22-55 40 
30%, 144-330 237 
2 30% 8.5 1%, 13-18 16 
30%, 106-160 135 
1 30% 23.2 1%, 21-27 23 
30%, 330-790 560 
1 20% 26.0 1%, 11-13 12 
20%, 210-400 305 
6 20% 29.8 1%, 29-31 30 
20%, 880-900 893 
1 30% 3.6 1%, 35-60 48 
30%, 155-200 169 
6 30% 14.0 1%, 35-51 48 
30%, 120-860 617 


TABLE 5.—ErFrect oF Bases ON PENETRATION oF SNA Into NorMaAL SKIN 


Base Tissue sulf. conen. 
, giving Av. No. (mg./100 gm.) 
No. G. greatest times — 
Exp. No. pigs analysis penetr. greater Range Av. 
12, 15, 16, 18 10 61 Carbowax, 70-30 0.7 Carbowax, 3-17 10.5 
Hydrocarb, 2-24 7.5 
13, 18, 24, 26 12 80 Hydrosorb 0.4 Carbowax, 1-26 13.0 


Bases compared: Carbowax 70-30, hydrosorb. 


Hydrosorb, 3-22 14.0 


TaBLE 6.—ErFrect oF BASES ON PENETRATION OF SULFONAMIDES INTO INJURED SKIN 


Base Tissue sulf. conen. 
Sulf. giving Av. No. (mg./100 gm.) 
Exp. Bases No. G. No. and Hrs. greatest times —_—_—_——o_-- 
No. compared pigs analyses concn. applied penetr. greater Range Av. 
21 Hydrosorb 3 18 SNA 4 Carbowax 1.5 Carbowax 19-38 26 
Carbowax, 70-30 10% Hydrosorb, 10-26 17 
23 Hydrosorb 3 18 SNA 4 Carbowax 1.5 Carbowax, 31-51 40 
Carbowax, 50-50 10% Hydrosorb, 23-50 26 
16, 17 Hydrosorb 4 22 SNA 2 Carbowax 4.7 Carbowax, 117-286 161 
Carbowax, 70-30 20% Hydrosorb 23-46 33 
14, 20, 24, Hydrosorb 14 86 SNA 4 Carbowax 2.9 Carbowax,, 34-202 87 
26, 27 Carbowax, 70-30 20% Hydrosorb, 19-83 32 
25, 28 Hydrosorb 5 38 SAT 4 Carbowax 2.0 Carbowax, 40-100 67 
Carbowax, 70-30 20% Hydrosorb, 21-46 34 
44 Base 104 5 30 SAT 6 Carbowax 3.2 Carbowax, 65-258 153 
Carbowax, 70-30 10% 104 17-386 104 
35, 36, 37 Hydrosorb 10 60 SAT 1 Base 104 2.5 104 73-370 180 
Base 104 30% Hydrosorb, 45-125 75 
35, 36, 37 Hydrosorb 10 60 SAT 6 Base 104 2.1 104 98-815 316 


Base 104 30% 


Hydrosorb, 76-200 134 


( 
t 
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tubes with Carbowax-containing bases, 
and by the fact that the diffusion from 
30% SAT is slightly less than from 1, 5 
or 10% SAT, due probably to the fact 
that there is relatively less Carbowax 
vehicle to carry the SAT. The diffusion 
of SAT from Aquaphor and Hydrosorb 
was bacteriostatistically insignificant (less 
than 0.5 mg. per 100 cc.). (3) In agar 
the concentrations of SAT in Carbowax- 
grease base mixtures (Base 104, 121, 
121A) determine the rate and amount of 
MM. BWX 70-30 


© Base 104 
1007 Base (al 


diffusion up to 10%, at which concentra- 
tion the values are the same as for Carbo- 
wax alone. This probably is explained 
by the fact that since Carbowax is present 
in Base 104, 121 and 121A in the amount 
of 45 to 55%, increasing the concentra- 
tion of SAT in these bases causes more 
SAT to diffuse into the agar in the Car- 
bowax as a carrier. Carbowax diffuses 
faster than SAT, but the diffusing Carbo- 
wax concentration becomes lower, until 
after 48 hours the SAT carried in the dif- 
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Fic. 4.—Rate of diffusion of SAT in agar from various bases. 
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‘fusing Carbowax becomes effectually as 
low in concentration as that diffusing 
from aqueous solutions. Hence the slopes 
of all the curves are similar after 48 hours.* 
In Methocel, diffusion from O/W Base B 
and Carbowax-grease Base 104 is the 
same at 1 and 5%, but at 10% the diffu- 
sion from Base 104 is greater than an 
O/W base. In Methocel, any addition of 
grease to Carbowax impairs SAT diffu- 


MM. 


100 1% SAT MM: 


SOF 


25 


\ 


OF SULFONAMIDES INTO THE SKIN 


sion. The Methocel permits Carbowax 
to diffuse carrying SAT with it at a 
constant rate, hence the more Carbowax, 
the greater the rate throughout the period 
of observation, unlike agar, which showed 
this only during the first 48 hours. 

Cup plate tests with S. aureus showed 
the same thing as the above diffusion ex- 
periments, with certain exceptions. SAT 
(1, 5, 10 and 30%) in Carbowax 70-30, 


SAT 


iA * 
0 24 43 HRS 24 4 72 HRS, 96 
MM. 
100 key: 
10% SAT O Cbwx 70-30 
O Base 104 
€3Base B 
€ Aquaphor 


3K Aqueous suspension 
(Powd. 4 microcryst.) 


ay +8 72 HRS. 


Fie. 5.—Rate of diffusion of SAT into Methocel gel from various bases. 


* The exception in the case of Aquaphor containing 30% SAT can be explained by uncertainty of 


the readings, since the color intensities were very low. 
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Base 104, Base 121 and Hydrosorb were 
compared with respect to inhibition zones. 
Base 104, Base 121 and Carbowax 70-30 
gave quite similar zones, whereas Hydro- 
sorb gave negligible inhibition, as could 
be predicted from the agar diffusion ex- 
periments. The fact that the amount of 
Carbowax in a base determined the 
amount of diffusion in the gel experiments 
and in vivo, while it seemed to have little 
effect in the cup tests, illustrates one 
danger of application of results of agar 
cup plate tests to in vivo conditions, espe- 
cially skin. Fuller et al.® showed that in 
vitro diffusion experiments gave similar 
results as muscle diffusion experiments, 
but this does not mean that skin would 
be similar. 

Discussion. Whether O/W or W/O type, 
the base and concentration of sulfonamide 
has little effect on penetration into nor- 
mal skin. Previous work**’ showed the 
same thing, but that time of application 
after 1 to 2 days had some effect. Other 
workers have shown that surface-active 
substances break down the skin barriers 
to some extent.”!:*3.30 

In injured skin, the type of base and 
the concentration of sulfonamide deter- 
mine the penetration. Carbowax is an 
excellent vehicle for sulfonamides because 
of its low toxicity, great solvent powers 
for sulfonamides and its high penetration 
properties. 

Penetration into injured skin probably 
is not significantly increased bacterio- 
statically from concentrations greater than 
10%, as indicated from both the in vivo 
and in vitro experiments. 

In injured skin, the type of base deter- 
mines penetration. Carbowax probably 
gives greater penetfation than aqueous 
solutions, O/W bases or sulfonamide pow- 
ders because the base itself penetrates, 
carrying the sulfonamide with it, and 
because Carbowax-serum mixtures dis- 
solve more sulfonamide than serum alone. 
Precipitation from Carbowax into serum 
occurs as ultrafine microcrystals, affording 
a further good reservoir for protracted 
absorption. 
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The local concentration of topically 
applied sulfonamides attained in injured 
skin, using appropriate vehicles, exceeds 
those attained in most wounds presum- 
ably because the reservoirs supply the 
drug faster than the blood carries it away. 

In papers which will follow, the effects 
of various vehicles and sulfonamides on 
the rate of epithelization of wounds and 
on contaminated wounds will be described. 

Summary. 1. /n vivo experiments on 
guinea pigs have been performed, to deter- 
mine the penetration of sulfonamides from 
various vehicles into intact and injured 
skin. In addition, in vitro diffusion experi- 
ments have been performed for a com- 
parison. 

2. Skin injury increased the penetra- 
tion of sulfonamides from a water-in-oil 
base (“ Hydrosorb’’) 1 to 4 times, whereas 
it increased penetration from polyethylene 
glycol mixtures (“Carbowaxes”) up to 
9 times. 

3. Time of application, comparing 1 
hour with 6 hours, has very little effect 
on penetration into abrased skin from a 
“Carbowax”’-petrolatum base, and sul- 
fonamide concentration has no effect upon 
this difference. Maximum skin levels are 
attained within 1 hour or less. 

4. With respect to the effect of sulfon- 
amide concentration on penetration into 
injured skin from a “Carbowax”’-petro- 
latum base, it is concluded that although 
concentration increases penetration, the 
increase above 5% is not important. 
Ten per cent could be recommended as the 
maximum useful concentration. 

5. In normal skin, the type of vehicle 
has no effect on penetration up to 2 hours 
application, but in injured skin pure 
“Carbowax” mixtures gave more penetra- 
tion than “Carbowax”-petrolatum mix- 
tures which in turn were superior to a 
W/O base (“ Hydrosorb”). 

6. In vitro diffusion experiments showed 
that diffusion from various cases followed 
the progression, “Carbowax,’’ >“Carbo- 
wax”’ plus petrolatum > aqueous solutions, 
powders or O/W bases > W/O bases (“ Aqu- 
aphor,” “Hydrosorb”’). “Carbowax” dif- 
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fuses into gel carrying sulfonamides with es”) are excellent vehicles for the sulfon- 
it. Very little diffusion occurs from W/O amides because of their low toxicity, great 
bases. solvent powers and high penetration of 

7. Polyethylene glycols (“Carbowax- sulfonamides from them into injured skin 
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THE ADRENOTROPHIC, RENOTROPHIC AND CARDIOTROPHIC ACTIVITIES 
OF LYOPHILIZED ANTERIOR PITUITARY IN THYROIDECTOMIZED RATS 


By E. C. Hay, Pu.D. 


MONTREAL, CANADA 


(From the Department of Anatomy, McGill University, and Institut de Médecine et naa Chirurgie 
expérimentales, Université de Montréal) 


Ir is now a well-recognized fact that 
thyroxine injected into various species 
will cause a proportional increase in kid- 
ney and heart size in relation to body 
weight.!*456 Swann" showed that the 
renal effect is independent of the pituitary 
since it occurs in hypophysectomized rats 
to approximately the same extent as in 
the intact. On the other hand, several 
authors®*!° have shown that crude ante- 
rior pituitary extracts can cause dispro- 
portionate but apparently normal growth 
of kidney tissue. This growth stimulation 
is presumably not associated with lutein- 
izing activity since Dill and Isenhour’ 
found no effect in the rabbit with doses 
of up to 7200 1.U. We (unpublished) have 
tested Prolactin* in rats in doses up to 
5 mg. a day for 7 days and found it inac- 
tive. On the other hand, a potent thyro- 
trophic extract caused an increase in rat 
kidney size in the experiments of Murphy 
et al.,7 and Cameron and Carmichael,! 
suggesting that the renal enlargement ob- 
tained with anterior pituitary extracts 
was an indirect effect acting through the 
stimulation of thyroid hormone produc- 
tion. The experiments of Selye et al.’ 
leaves no doubt that thyroid hormone 
enhances the reno- and _ hepatotrophic 
activities of lyophylized anterior pituitary 
(L.A.P.). The question arises as to 
whether in the absence of the thyroid, 
L.A.P. can still increase the ratio of kidney 
or heart weight to body weight. 

To investigate this problem the follow- 
ing experiments were performed. 

Experimental. Three experiments were 
carried out. In the first, 28 male albino 


rats weighing 140 to 170 gm. were thy- 
roidectomized and divided into 2 groups. 
Of these, 14 were given a total of 30 mg. 
of L.A.P. suspended in water in 2 subcu- 
taneous injections per day. To the other 
14, the same volume of water was admin- 
istered subcutaneously. The rats were 
killed 16 days after the first injection and 
the adrenals, hearts and kidneys were 
fixed in Suza and weighed. In Table 1, 
Experiment I, are given the average final 
body and adrenal weights for the 2 groups, 
and the ratios of kidney and heart weights 
to body weight expressed in terms of per 
cent, together with the respective stand- 
ard errors.{| The completeness of thy- 
roidectomy was confirmed at autopsy by 
careful inspection of the site of operation 
with magnifying glasses. 

It was not possible to employ as the 
criterion of completeness, the presence of 
thyroidectomy cells in the anterior pitu- 
itaries of these animals, since the abundant 
appearance of castration cells interfered 
with their recognition. 

As will be seen from perusal of Table 1, 
Experiment I, L.A.P. caused a marked 
increase in body weight but no preferen- 
tial increase in heart or kidney weights. 
There arose, however, the question as to 
whether L.A.P. at this dose level and in 
this period of time would cause a propor- 
tionate increase in kidney and heart size 
in normal rats of approximately this size. 
Consequently a second experiment was 
performed. 

Two groups of 10 male, hooded rats, 
200 to 220 gm. in weight, were thyroidec- 
tomized and castrated. Two similar 


* Kindly supplied by Dr. E. Schwenk of the Schering Corporation of Bloomfield, New Jersey. 
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groups were merely castrated. One group 
of thyroidectomized castrates and 1 group 
of normal castrates were injected with 
30 mg. of L.A.P. subcutaneously for 
16 days as in the previously described 
experiment. Kidneys, adrenals and hearts 
were fixed and weighed while completeness 
of thyroidectomy was confirmed at autopsy 
as before. The data obtained are tabu- 
lated in Table 1, Experiment II. 


given, and the inevitable skin damage 
seen with large doses of crude protein 
containing extracts, could account for the 
absence of somatic growth response. The 
percentage of kidney and heart of body 
weight was greatly increased both in the 
presence and in the absence of the thyroid, 
though in the latter case to a somewhat 
lesser degree. A lessened response to 
L.A.P. was exhibited also by the adrenals 


TABLE 1.—ADRENOTROPHIC, RENOTROPHIC AND CARDIOTROPHIC ACTIVITIES OF L.A.P. IN 
THYROIDECTOMIZED Rats 


Average organ weights 


Final 


Experiment Group No. body Adrenal % kidney % Heart 
No. No. Treatment rats weight mg. IB.W. /B.W. 
I 1 * Tr.—exp., L.A.P. 13 221 +12.0 49+1.4 0 79+0 O1 0 27=+0 O01 
2 Tr.—exp., - 14 178+ 4.2 33 =1.1 0.81+0.03 0 30=0.01 
II 1 Tr.—exp., L.A.P. 9 240+ 7.9 57 =5 .2 0.78 +0 .05 0 31+0 02 
2 Tr.—exp., - 8 214+ 7.9 38 +1.8 0.80 +0.03 0.29+0 02 
3 LAP. 250+ 7.9 74+5.1 0.85=+0.01 0.33 +0.01 
4 - 9 220+ 6.1 37 =1.5 0.80 +0.02 0.29+0.01 
III 1 Tr.—exp., L.A.P. 5 215+ 7.6 96 +8.1 1.07 0.39=+0.01 
2 Tr.—exp., — 6 193+ 6.1 37+1.8 081+0.02 0.29+0.01 
3 — L.A.P. 7 220 = 7.5 133 +4.7 1.29+0.06 0.46+0.04 
4 — — 8 216+ 3.8 33 =1.2 0.85 +0.04 0 29=+0 01 
* Tr.—exp. = Thyroidectomized. 


Here again L.A.P. induced a marked 
increase in body weight in thyroidecto- 
mized rats but no increase in the propor- 
tionate weight of kidneys or heart. On 
the other hand there was an increase of 
only doubtful statistical significance in 
the proportionate weight of kidneys and 
heart in rats with intact thyroids. Thus 
either the dose or the duration of treat- 
ment was inadequate. 

The third experiment was similar to 
Experiment II. It was performed on 
4 groups of 10 castrated white rats, 150 
to 175 gm. in weight, 2 thyroidectomized 
and the other 2 with intact thyroids. The 
dose of L.A.P. was raised to 64 mg. per 
day and the duration of treatment, in- 
creased to 21 days. Completeness of 
thyroidectomy was again checked at 
autopsy. The data obtained is given in 
Table 1, Experiment III. 

In this experiment the body weight 
increasing activity of L.A.P. was not 
apparent. Perhaps at this dose the 
amount of adrenocorticotrophic hormone 


in this and the previous experiment. 
This was to be expected on the basis of the 
findings of Selye et al.,! that in normal 
rats thyroid hormone enhances the trophic 
effects of L.A.P. on kidneys, heart and 
adrenals. 

Thus, these experiments show that in 
the absence of the thyroid, cardiotrophic 
and renotrophic effects of L.A.P. can be 
elicited. These responses are not due, 
therefore, to an indirect secretory stimu- 
lation of the thyroid gland which, through 
the thyroid hormone would cause kidney 
and heart enlargement. Nor is the pres- 
ence of thyroid hormone essential to the 
mechanism whereby L.A.P. produces these 
trophic effects. It appears merely to en- 
hance the reactions involved. It remains 
to be seen whether the renotrophic effect 
is due to adrenocorticotrophin, growth 
hormone, a separate principle, or a com- 
bination of the known trophic principles. 
Pertinent experiments are now under 
way. 
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Summary and Conclusions. The reno- 
trophic, cardiotrophic and adrenotrophic 
activities of lyophilized anterior pituitary 
(L.A.P.) in thyroidectomized rats were 
investigated. 

If an adequate dose of L.A.P. is admin- 
istered for a sufficiently long time, reno- 


trophic and cardiotrophic responses are 
statistically significant even in the absence 
of the thyroid. 

Adrenals, kidneys and heart appear to 
be less sensitive to the trophic effects of 
L.A.P. in the absence than in the presence 
of the thyroid. 


The expenses of this investigation were defrayed through a grant received from the DesBergers- 


Bismol Foundation of Montreal, Que. 
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ATABRINE AND THE ELECTROCARDIOGRAM 
By. Lr. Cot. Harotp D. Levine, M.C., A.U.S. 


BOSTON, MASSACHUSETTS 
AND 
Mas. HERMAN ERLANGER, M.C., A.U.S. 
ST. LOUIS, MISSOURI 


A RECENT electrocardiographic study, 
carried out in the field and limited to 
Leads IV R and IV F, ascribes a decrease 
in the amplitude of the various electro- 
cardiographic deflections, especially the T 
wave, to atabrine in the dosage of 0.3 gm. 
daily for 1 week. Since the common de- 
nominator in all troops in the Southwest 
Pacific Area was the taking of atabrine, 
and since this alleged effect of the drug on 
the electrocardiogram might be confused 
with that of many of the diseases (malig- 
nant tertian malaria, tsutsugamushi fever) 
or drugs (emetine) being investigated, it 
seemed desirable to determine the effect, 
if any, of atabrine on the electrocardio- 
gram in a large number of individuals, 
both in so-called “suppressive” dosage 
and in the much larger “intensive” doses 
then being used for the first time. 


Procedure. The records were reviewed of 
165 patients who for one reason or another 
had had electrocardiograms taken during 
the course of the administration of atabrine 
in therapeutic or suppressive doses. These 
studies were carried out from early 1943 to 
August 1944, at a numbered general hospital 
in Queensland, Australia, and concluded in 
1944 and 1945 at another numbered general 
hospital in British Northeast New Guinea. 
In addition, a planned serial electrocardio- 
graphic study was made on a group of 14 
volunteer medical and medical administra- 
tive officers at the first hospital. 

In all instances the tracings were taken 
by the usual technique, including the con- 
ventional limb leads and the apical precordial 
lead (Lead IV F). In 2 men in the group of 
patients multiple chest leads were taken in 
the manner of Wilson. In the serial study 
of officers special care was exercised to be 
certain that the precordial electrode was in 
the same position at each recording. 

Stupy oF GENERAL HospitTat PArTIENTs. 
The 165 ward patients ranged in age from 


19 to 54 years, but the bulk of the cases fell 
in the 22 to 26 year old group; 137 of these 
patients had had malaria at intervals of 
from 1 to 178 days (average 37.3 days; mean 
29 days) between the onset of the malarial 
attack and the taking of the electrocardio- 
gram. The species diagnosis was Plasmod- 
tum vivax in 114 of these patients who had 
had malaria, Plasmodium falciparum in 6, 
and unclassified in 17. The diagnosis in 
the remaining 28 cases were psychoneuroses 
(7 cases), no disease (8 cases), question of 
angina pectoris (8 cases), hypertension (2 
cases) and nasopharyngitis, convalescent 
tsutsugamushi fever and question of rheu- 
matic fever (1 case each). 

The patients fell into 3 subdivisions ac- 
cording to the atabrine dosage at the time 
the electrocardiograms were taken: (1) 
12 patients on intensive dosage only, con- 
sisting of 1.2 gm. in the first 24 hours, 0.9 gm. 
in the second 24 hours and 0.3 gm. daily 
for from 2 to 4 days (see Table 1); (2) 26 
patients on suppressive doses only (0.1 gm. 
daily); and (3) 127 patients receiving sup- 
pressive maintenance dosage following in- 
tensive priming therapy. The range of 
plasma atabrine levels were calculated on 
the basis of the report of Shannon and his 
group.® 

Among the 165 patients in the group the 
electrocardiogram was normal in 164 cases 
and abnormal in 1, a patient of 24 years who 
had had benign tertian malaria 20 days 
previously. In this case the T wave in 
Lead CF, was diphasic, in Lead CF inverted. 
Although this is an abnormal finding, no 
explanation could be given for it at the time 
of hospitalization and the patient was re- 
turned to duty. 


SERIAL ELECTROCARDIOGRAPHIC STUDY. 
In the group of 14 medical and medical 
administrative officers electrocardiograms 
were taken before atabrine was given, after 
2 weeks on suppressive dosage (0.1 gm. 
daily) and after the same “intensive” 
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dosage described above. The calculated 
mean atabrine level when on suppressive 
doses was 16 gamma per liter and when 
on intensive dosage from 64 to 71 gamma 
per liter. None of these officers showed 
abnormal electrocardiograms. There were 
minor variations in the P—R interval but 
this never exceeded 0.17 second and those 
few variations that did occur (0.01 to 
0.04 second) could be attributed to varia- 
tions in the heart rate. There were no 
significant changes in the T waves. 
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been a factor producing electrocardio- 
graphic effects opposite in direction to 
those due to atabrine, thus theoretically 
masking any electrocardiographic effects 
of the drug. 

In the field study mentioned above,® 
in addition to its effect in decreasing the 
amplitude of the various electrocardio- 
graphic deflections, it was considered 
that atabrine restores the S-T interval 
to the iso-electric level after it has been 
elevated by plasmoquine. Other electro- 


TABLE 1.—THE EFFECT OF ATABRINE IN VARYING DOSE ON THE ELECTROCARDIOGRAM 
oF 165 GENERAL HospiTat PATIENTS 


Calculated 
plasma 


Duration of atabrine 


No. Dosage medication level Normal Abnormal 
cases (gm.) (days) (gamma/liter) ECG ECG 
Intensive therapeutic doses only . 12 1.5-3.7 2-6 25-67 12 0 
Av. 2.6 
Intensive therapy with suppressive 
follow-up: 
( 1.5-3.6 4-5 16-52 126 1 
Priming'dese . | Aw. 1.7 
Mean 1.5 
127 
0.2 twice 2-44 
Suppressive dose. . . . .} weekly to Av. 25 
| 0.1 7days Mean 23 
a week 
Suppressive doses only on me 26 0.1 3-183 17 26 0 
6-7 days Av. 17 (mean) 
a week Mean 21 


Discussion. It is noteworthy that of 
the entire series of 179 individuals studied 
there were 42 who had never had malaria. 
None of these showed electrocardiographic 
changes. Each of the officers studied seri- 
ally was in excellent health. Moreover, 
in only 2 of the 137 patients who had had 
malaria, were the tracings taken at the 
time of the acute attack of malaria. In 
all of the others a considerable interval 
had elapsed before the tracings were 
taken, and the patients were afebrile. As 
pointed out above, for the most part the 
electrocardiograms were made for reasons 
quite unrelated to malaria, such as neuro- 
circulatory asthenia, convalescent scrub 
typhus, hypertension or the like. It seems 
unlikely therefore that malaria might have 


cardiographic studies, however, dealing 
with subjects on atabrine in similar 
(0.3 gm. daily for from 4 to 7 days?) 
or greater (0.6 gm. daily for several 
days') dosage showed no significant effect 
of atabrine on the human electrocardio- 
gram. The present experience, including 
26 individuals receiving the much higher 
“intensive” dosage, is in agreement with 
the latter studies, in that again no striking 
electrocardiographic abnormalities were 
demonstrable. 

Conclusions. In a series of 179 indi- 
viduals atabrine in therapeutic and sup- 
pressive doses had no significant effect on 
the electrocardiogram. Abnormalities ob- 
served in patients receiving atabrine can 
be attributed to other causes. 
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SEVERE ALLERGIC REACTIONS TO PENICILLIN 


By Lr. Cot. THEopore H. MEnpDELL, M.C., A.USS. 
AND 
Capt. H. Prost, M.C., A.U.S. 


THIRTY-SEVENTH STATION HOSP., A.P.0.70 
SAN FRANCISCO, CALIFORNIA 


OnE of the most remarkable qualities 
of penicillin as a therapeutic agent is its 
safety of administration. The lack of 
unpleasant or dangerous reactions has 
become an accepted fact. With its increas- 
ing use, however, numerous instances of 
allergic reactions are being encountered. 
Anderson,! in a review of the use of pen- 
icillin, stated that 2 to 5% of all patients 
who receive it develop urticaria, but that 
there is no cause as yet to revise earlier 
opinions regarding the drug’s lack of sig- 
nificant toxicity for man. This has been 
the experience of most who have used 
the drug to any degree. In the main, 
these reactions are minor and in most 
instances can be ignored. There is, how- 
ever, a small group of patients who react 
more severely, at times alarmingly, in 
whom discontinuance of the drug is essen- 
tial. In them, dangerous situations may 
result if penicillin sensitivity is not recog- 
nized promptly. Such a case was re- 
ported by Price, McNairy and White.® 
Their patient developed alarming asthma 
reaching critical stages following the use 
of penicillin. 

In an experience of more than 5000 
patients treated with penicillin selected 
from all admissions to a Station Hospital 
operating on Luzon during the first 9 
months following the invasion, numerous 
minor reactions were encountered which 
caused no harm to the patients. How- 
ever, 6 cases (0.12 %) differed in that they 
reacted so severely that it was necessary 
to discontinue the drug regardless of other 
considerations. Four represented exam- 
ples of drug allergy and 2 a delayed 
reaction which simulated serum sickness. 
It is concerning these 6 patients that this 
report is offered. 

Opinion differs widely regarding the 


nature of these reactions. In the hope 
that more knowledge could be gained re- 
garding the immunologic aspects of the 
reactions; intracutaneous, conjunctival, 
patch, passive transfer and precipitin tests 
were performed (Table 1). In addition, 
200 patients on the wards were tested 


by intracutaneous, conjunctival and patch 


methods, then given a trial dose of 
50,000 units of penicillin, in an attempt 
to anticipate and corroborate those indi- 
viduals who might react untowardly to 
the drug (Table 2). 


Case Reports. Case 1. A 36 year old 
ambulatory white male officer was admitted 
to the hospital on Aug. 1, 1945, for chronic 
recurrent lymphangitis of the left naso- 
labial fold approximately 3 to 4 cm. in 
diameter. He was afebrile, blood count 
and urine were normal. There was a past 
history of vasomotor rhinitis ascribed to an 
indefinite allergy of 15 years duration. 
Penicillin cream had been applied locally 
in a dispensary before admission resulting 
in an extension of the lesion with local itch- 
ing. Treatment was begun, consisting of 
applications of Burow’s solution to the 
lesion and 25,000 units penicillin intramus- 
cularly every 3 hours. After the 3rd injec- 
tion he developed an intense generalized 
disabling pruritus with a diffuse erythemato- 
vesicular rash over the neck and flexor sur- 
faces of the arms with swelling and erythema 
of the inguinal folds. In the inguinal area, 
the vesicles reached the size of 1 cm. and 
exuded clear serum upon rupture. On 
Aug. 2, penicillin was stopped. He was 
now confined to bed, discomfort and malaise 
were intense, fever occurred daily from 
99.5° to 100.5° F. The blood count showed 
an 8% eosinophilia with no other abnormal 
findings. On August 3, swelling of hands, 
fingers and toes with edema appeared. On 
mild local measures and symptomatic treat- 
ment all lesions subsided on August 7, when 
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he became afebrile and could be allowed 
out of bed. Desquamation in the antecubital 
spaces of both arms continued for several 
days. Repeat blood count was now normal, 
and there were no eosinophils in the differ- 
ential smear. 


was started on 25,000 units of penicillin 
intramuscularly at 3 hour intervals. Ap- 
proximately 12 hours later, after the 4th in- 
jection, he developed a generalized erythema 
with pruritus and marked swelling of the 
hands and feet. Penicillin was stopped | 


TABLE 1.—ReEsuuts oF Various Tests WiTH PENICILLIN IN 6 SENSITIVE PATIENTS 


— 


Patch test 


Intracutaneous tests 250 u./gm. Emulsion Conjunctival Passive 
emulsion base test transfer Precipitin 

Case 1:10 1:100 1:1000 1:10,000 base only (1:100) test test 
+++ +4++ ++ +4 ++4++4+ 
2* ++ +++ - - - 
4* N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 
“ = = N.D. ae 


* Immediate reactions, due to drug allergy. 
+ Delayed reactions, simulating serum sickness. 
Controls. 


TABLE 2.—PREADMINISTRATION TESTS FOR PENICILLIN SENSITIVITY IN 200 PATIENTS 


No. subjects tested . 
% positive: 
Intracutaneous tests: 
1:10 — 
1:100 — 
1: 1000— 
Patch tests, 250 u./gm. emulsion base 
Conjunctival test, 1: 100 


Reactions, % positive following 50,000 u. penicillin after testing 4 0 


Intracutaneous tests with penicillin solu- 
tion in dilutions 1:10, 1:100, 1:1000, 
1:10,000 were markedly positive after 3 
hours and persisted for 72 hours. The 
patch test was markedly positive after 
12 hours. Passive transfer, precipitin and 
conjunctival tests were negative. 

Case 2. A 34 year old ambulatory white 
male soldier entered the hospital on July 9, 
1945, because of a severe spreading sycosis 
barbe of the face approximately 8 cm. in 
diameter. On July 16, the patient having 
experienced no improvement on other ther- 
apy, penicillin in emulsion base (250 units 
per gm.) was applied locally. Within 
24 hours a marked local reaction of intense 
pruritus, redness and swelling occurred. 
Penicillin applications were discontinued 
and within 3 days all local manifestations of 
reaction had disappeared. On July 31 he 


Penicillin 
Brand 1 Brand 2 
100 100 
100 5 
0 0 
0 0 
0 


He was confined to bed. Blood count, 
previously normal, now showed a 13% 
eosinophilia. On August 4, following mild 
local treatment and symptomatic measures, 
all signs of reaction except slight itching 
had disappeared. His eosinophils were now 
4%. Urine, Wassermann and stool exam- 
inations were normal. He gave no personal 
or family history of allergy. 

Intracutaneous tests for penicillin sensi- 
tivity with dilutions up to 1:1000 were 
strongly positive after 90 minutes. A 
patch test with penicillin in emulsion base 
was likewise strongly positive after 36 hours. 
Passive transfer, precipitin and conjunctival 
tests were negative. 

CasE 3. A 27 year old ambulatory white 
male soldier entered the hospital on Sept. 1, 
1945, because of a severe weeping dermato- 
phytosis of the feet. He had undergone 
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previous treatment with various remedies 
without success. Penicillin was started 
intramuscularly, 25,000 units every 3 hours. 
After 18 hours, following the 6th injection, 
he developed a severe pruritic erythemato- 
vesicular eruption over the entire body with 
marked swelling and edema of the face and 
genitals. The scrotum was covered with 
large vesicles which exuded clear serum. 
Previously ambulatory, he was now con- 
fined to bed. Discomfort was extreme, so 
penicillin was stopped. Mild soothing ap- 
plications, epinephrine and ephedrine pro- 
duced relief and on September 8 symptoms 
and reaction subsided. Blood count at the 
height of the reaction was normal except 
for a 32% eosinophilia which dropped to 
23% within 1 week, then to normal on dis- 
charge. Stool, urine, serologic tests of the 
blood were normal. He gave no family or 
personal history of allergy. 

The patch test was strongly positive with- 
in 24 hours and persisted until 96 hours. 
Intracutaneous tests performed with a 
brand of commercial penicillin other than 
the one which produced his reaction (no 
longer in stock) were negative in all dilu- 
tions. Passive transfer, precipitin and con- 
junctival tests were negative. 

Case 4. A 42 year old ambulatory white 
male soldier was admitted to the hospital 
on Mar. 16, 1945, for a chronic disabling 
bilaterally symmetrical dermatitis infectiosa 
eczematoides of both feet. Following inef- 
fective treatment for 2 weeks, penicillin 
soaks, 250 units per cc. of normal saline 
solution, were applied locally. Within 24 
hours he developed a chill with fever up 
to 101° F. and a generalized erythematous 
eruption over the entire body. Itching was 
intense. He was confined to bed and pen- 
icillin stopped. Within 48 hours on symp- 
tomatic treatment, the temperature returned 
to normal and all signs of reaction disap- 
peared. On April 10, with no improvement 
in the original condition, it was decided to 
try parenteral penicillin; 25,000 units were 
given intramuscularly every 3 hours. Fol- 
lowing the 3rd injection, he experienced 
another severe chill with fever to 102° F. 
and a recurrence of his former cutaneous 
reaction. With discontinuance of penicillin, 
the fever and skin manifestations disap- 
peared within a few days. At this time, 
there was great need for hospital beds on 
Luzon and he was evacuated before further 


investigative studies could be done. In 
spite of this, however, his reaction was so 
typical, its reproduction by readministration 
of the drug so definite, that this case war- 
rants inclusion in this group. 

Case 5. A 26 year old ambulatory white 
male soldier had been under treatment in 
the dispensary for recurrent penicillin- 
resistant gonorrhea. He had received 3 
courses of 100,000 units each on July 20, 24 
and 27. On July 30 he was admitted to the 
hospital for a severe generalized urticaria 
gigantosa which had appeared the day 
before. Temperature was 101.6° F. which 
persisted for the next 6 days, during which 
he developed severe joint pains with swell- 
ing of both ankles and knees. He was 
dyspneic and the chest showed scattered 
wheezing rales which disappeared after re- 
eapted doses of epinephrine hypodermically. 
On August 8 the temperature subsided, on 
August 10 he was asymptomatic; on August 
20 he was given 100,000 units penicillin in 
four 2 hourly doses. Immediately thereafter 
he again developed urticaria which required 
several doses of epinephrine in the course 
of the day to relieve. Temperature. blood 
count, urine, Wassermann test and stool 
examinations were normal. While he gave 
no personal history of allergy, a maternal 
grandmother was a sufferer of asthma. 

Intracutaneous, patch, precipitin and 
conjunctival tests were negative. Passive 
transfer test was not performed because of 
danger of transmitting an undiagnosed 
syphilis. 

Case 6. A 20 year old colored male 
soldier was admitted to the hospital on 
July 21, 1945, acutely ill, toxic, suffering 
from an acute inflammatory process of the 
lower back muscles. His temperature 
spiked to 104° F. daily, leukocytes were 
17,600 with 74% neutrophils. Following 
3 days administration of penicillin, 200,000 
units intramuscularly per day in divided 
doses, the temperature reached normal and 
symptoms subsided. No further treatment 
was given. Seven days following the last 
dose of penicillin, he suddenly developed a 
generalized severe giant urticaria, pruritus 
and fever to 101° F. Acute joint pains 
involving knees, wrists, ankles and hands 
appeared during the next few days with 
continuing fever. Repeated doses of epi- 
nephrine hypodermically and soothing local 
applications produced relief and he became 
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afebrile on August 7. On August 9 the 
urticaria disappeared and on August 11 he 
became symptom-free. Blood count, urine, 
stool and Wasermann examinations were 
normal. There was no personal or family 
history of allergy. 


Discussion. The reactions in Cases 1 
to 4 are examples of drug allergy caused 
by a drug allergen. According to the 
classification of Sulzberger and Goodman, 
cited by Sutton and Sutton,® drug allergens 
are not antigens and they evoke no anti- 
bodies. Therefore, reactors fail to pro- 
duce antibodies in their blood sera as de- 
noted by negative passive transfer and 
precipitin testing. They do, however, 
react positively to skin test, and read- 
ministration of the drug will reproduce 
the reaction. The evidence and findings 
in Cases 1 to 4 satisfy these criteria and 
suggest that a drug allergen in commer- 
cial penicillin is the responsible agent for 
these reactions. 

The composition of commercial penic- 
illin is approximately 65% pure crystal- 
line sodium penicillin and 35 % impurities. 
The question arises therefore whether the 
allergen is contained in the penicillin or 
in the impurities. Silvers’ has reported a 
case of contact dermatitis due to a com- 
mercial brand of penicillin in which his 
patient failed to react when tested with 
pure crystalline sodium penicillin. He 
concluded, therefore, that the contact 
dermatitis was due not to the drug but 
to the impurities in the commercial prod- 
uct with which his patient had come in 
contact. On the other hand, Pyle and 
Rattner® have reported a similar case of 
contact dermatitis to commercial penic- 
illin which yielded a positive patch test 
to pure crystalline sodium penicillin indi- 
cating that the drug was responsible for 
the reaction in their case. Pure crystal- 
line sodium penicillin was not available 
at this station, hence we were unable to 
differentiate in our cases whether the 
pure drug or the impurities were respon- 
sible for the reactions. However, in 


Case 3, the negative intradermal test was 
obtained from a brand of commercial 
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penicillin other than the one which had 
produced the reaction, suggesting that in 
this case at least the impurities accounted 
for the reaction. Criep* has reported a 
case of allergy to penicillin in which he 
was able to obtain positive skin, passive 
transfer and precipitin tests denoting the 
presence of reagins in the patient’s serum. 
We were unable to duplicate this finding 
in our patients. 

Cases 5 and 6 differ in that the reactions 
were delayed and simulated serum sick- 
ness. In such delayed reactions, negative 
skin and conjunctival tests are to be 
expected. As discussed by Cooke,’ little 
is understood regarding the mechanism of 
the production of delayed reactions. 
Case 5 resembled the case of severe asthma 
and skin reaction reported by Price, 
MeNairy and White.’ Our patient like- 
wise developed asthma and skin reaction 
but did not reach the critical stage border- 
ing on exitus as did theirs. They suggest 
the sensitizing agent was not the active 
principle of penicillin but the impurities 
in the commercial make. 

In an attempt to anticipate those indi- 
viduals who might react untowardly to 
penicillin, 200 well patients awaiting dis- 
charge were tested on skin and conjunc- 
tiva with 2 different brands of commercial 
penicillin, 100 patients with each. Of 
these subjects, 50% had received penicil- 
lin at some time prior to this experiment 
and 50% had not. Following the reading 
of the tests each was given 50,000 units 
penicillin parenterally of the same make 
with which he was tested. The results 
are shown in Table 2. 

While 200 cases are not sufficient for 
definite conclusions ‘to be drawn in such 
an experiment, it will be noted that pre- 
administration testing for penicillin sen- 
sitivity in healthy subjects is of question- 
able value. The intracutaneous test 
proved inconsistent, the positives failed 
to react on test dose administered paren- 
terally. Our experience with conjunctival 
testing in severe reactors (Table 1) throws 
doubt on this procedure in spite of the 
200 negatives obtained (Table 2) in 200 
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non-reactors. No opinion is offered re- 
garding the reliability of the patch test. 
Our experience with it in severe reactors 
(Table 1) and the work of Cohen and 
Pfaff,2? who found 5 patients (0.9% their 
series) with positive pre-administration 
patch tests who later developed severe 
reactions on administration of the drug, 
suggests that this procedure may prove 
of value for detecting penicillin sensitivity. 
However, the 24 to 48 hour waiting period 
required to read the patch test could 
prove a costly delay for the patient if 
the drug was withheld pending result of 
the testing. 

With but 6 instances of severe reactions 
in 5000 penicillin-treated patients (only 
0.12 %), the practical value to the clinician 
of determining pre-administration sensi- 


tivity with tests of doubtful reliability 
is nearly nil. Instead, the drug should 
be administered promptly when needed, 
and the physician should bear in mind 
that there does exist an occasional patient 
who cannot tolerate penicillin and in 
whom it may be necessary to discontinue 
its use. 

Summary. 1. Six cases of severe al- 
lergic reaction to penicillin are presented 
in which discontinuance of the drug was 
necessary. 

2. In 4, the reactions were immediate 
and suggested that a drug allergen in 
commercial penicillin was the causative 
agent; in 2, the reactions were delayed 
and simulated serum sickness. 

3. In our experience, pre-administration 
testing for penicillin sensitivity was found 
to be neither reliable nor practical. 
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SACKS, ANDERSCH: GAUCHER'S DISEASE 


ISOLATION OF A GLUCOSE CONTAINING CEREBROSIDE FROM THE 
SPLEEN IN GAUCHER’S DISEASE 


By Mutton S. Sacks, M.D. 


ASSISTANT PROFESSOR OF: MEDICINE AND HEAD OF DEPARTMENT OF CLINICAL PATHOLOGY 


AND 


Dp 
Marie A. AnperscH, PH.D. 
INSTRUCTOR IN MEDICINE AND BIOCHEMIST, UNIVERSITY HOSPITAL 


(From the Department of Clinical Pathology, University of Maryland School of Medicine 
and University Hospital) 


THEORIES concerning the nature of 
Gaucher’s disease have undergone con- 
siderable revision since its original desig- 
nation as a “ primitive epithelioma of the 
spleen.’ Schlagenhaufer’’ first charac- 
terized the entity as a systemic disease 
of the lymph-hematopoietic apparatus, an 
opinion concurred in by most subsequent 
observers. Later, Marchand? stated that 
the disease was due to the deposition of 
an unknown substance in reticulo-endothe- 
lial cells. This substance was first identi- 
fied as kerasin by Lieb*’ who studied the 
properties of the cerebroside isolated from 
the spleen of a patient with Gaucher’s 
disease. Other investigators have sub- 
stantiated this finding. 

Two views have been expressed con- 
cerning the pathogenesis of this entity: 
(1) that it is a general disturbance in 
lipid metabolism which expresses itself in 
an accumulation of cerebroside in the 
blood and organs and leads secondarily 
to the storage of kerasin in reticulum 
cells; (2) the assumption that it is a dys- 
function of the enzyme systems of the 
reticular cells themselves which leads to 
the increased synthesis and storage of 
kerasin within the cell. The failure to 
demonstrate an increased blood concen- 
tration of cerebroside at any time in 
Gaucher’s disease has lent support to the 
latter view. Most investigators have 
studied the fatty acid component of the 
kerasin isolated from spleens in these 
cases but have assumed the presence of 
galactose without adequately identifying 
it. Recently, 4 investigators'!*5.° have 
reported that the carbohydrate component 
of the cerebroside isolated from the spleens 


of patients with Gaucher’s disease was 
glucose rather than galactose. There is, 
however, at least 1 report in which the 
carbohydrate was identified as galactose 
by the osazone.*’ If the presence of 
galactose is to be accepted in some cases 
of Gaucher’s disease it would appear pos- 
sible that there are 2 types of the disease, 
1 in which a metabolic disturbance leads 
to the deposition of normal galactose- 
containing kerasin and a second in which 
the recently described glycolipid is de- 
posited. Whether this assumption is cor- 
rect can only be determined by chemical 
studies of additional cases of Gaucher’s 
disease. The recent observation of a 
patient with Gaucher’s disease whose 
spleen was removed at operation afforded 
us the opportunity to study the carbo- 
hydrate fraction of the cerebroside iso- 
lated from the organ. 


Case Report. D. A. H. (Bon Secours 
Hospital, No. 6217), a white 12 year old 
school girl, was admitted to the hospital on 
Feb. 17, 1944, complaining of “sore throat, 
swollen glands in the neck, and fever of 
2 weeks duration.’”’ The patient was said 
to have had a grippal attack 2 weeks prior 
to admission to the hospital. One week 
before admission, she had had a severe epi- 
sode of epistaxis. Diarrhea had _ been 
present for several days and a tarry appear- 
ance of the stools was reported. System 
review added no further significant anam- 
nestic details. The family history was non- 
contributory. Three siblings were in good 
health and exhibited no evidence of lipoid 
metabolic disturbance. The patient had had 
4 previous admissions to the hospital, at 
the ages of 11 months, 6 years and twice 
during her 9th year. Splenomegaly was 
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first noted during the latter 2 admissions 
when the organ was found to be 3 finger- 
breadths below the costal margin. The 
admissions in 1940 were necessitated by 
frequent episodes of epistaxis extending over 
a period of 14 years. 

Positive findngs on physical examination 
on present admission were as follows: pallor 
of skin and mucous membranes; evidence 
of acute tonsillitis; hepatomegaly with the 
edge felt 5 cm. below the costal margin; 
splenomegaly with the tip felt at the level 
of the umbilicus. 
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was somewhat thicker than normal and dis- 
played a few scattered fibrous adhesions. 
Examination of the hilar structures revealed 
no gross lesions. On cross-section, the cut 
surface was seen to have a beefy-red ap- 
pearance and the Malpighian bodies were 
obscured. Microscopically, the entire archi- 
tecture was distorted. The Malpighian 
bodies were of normal size and structure 
and appeared as isolated islands of lymphoid 
tissue in a pale-staining pulp (Fig. 1). This 
pallor was due to the presence of masses of 
large acidophilic cells containing a single 


TABLE 1,.—CHEMICAL ANALYSIS OF SPLENIC TISSUE 


Moisture + acetone soluble material 
Ether soluble material 


Cerebroside: alcohol soluble (after % weight 


Melting point (theoretical 178°) 
Nitrogen (theoretical 1.73%) 


Carbohydrate: % cerebroside: 


Recovery after 10 minutes hydrolysis . 


Recovery after 1 hour 
Loss by fermentation 
Mucic acid 
Osazone . 


Melting point 210-212°) 
Laboratory Studies: Blood picture on 
admission: hemoglobin 8.7 gm., red cells 
2.56 million, white cells 3800 (neutrophils 
22%, lymphocytes 78%).  Reticulocyte 
count 0.6%. Platelet count 160,160 (Olef 
technique.) Coagulation time 5 minutes 
45 seconds (Lee-White technique). Bleed- 
ing time 1 minute 15 seconds (Duke tech- 
nique). Prothrombin time 25 seconds 
(Quick technique). Urinalyses essentially 
negative. Blood chemistry: blood sugar 
100 mg. %, non-protein nitrogen 30 mg. %;. 
icterus index 5 units. Liver function tests: 
4+ cephalin-cholesterol flocculation; intra- 
venous hippuric acid test 0.68 gm. excreted 
in 1 hour. Bone marrow studies revealed 
an essentially normal myelogram. 

Roentgen ray examinations of the femora 
were reported as normal. Roentgen exam- 
ination of the esophagus with particular 
reference to varicosities revealed no such 
abnormality. 

A preoperative impression of Banti syn- 
drome was recorded and splenectomy advis- 
ed. This was performed on Feb. 25, 1944, 
by Dr. Frank C. Marino. The surgical 
specimen consisted of the spleen, which 
weighed 822 gm., and a small biopsy frag- 
ment of liver. The capsule of the spleen 


76.1% 
4.0% 


2.5% 
176° 


1.8% 


15.1% 

13.9% 
100.0% 
Neg. 
Glucosazone 


207-208° 


eccentric vesicular nucleus. The cytoplasm 
of these cells was seen to have a fibrillar 
structure. These cells fulfilled the cyto- 
logical descriptions of so-called Gaucher 
cells. The liver biopsy displayed paren- 
chymal cells which were swollen and vacuo- 
lated. No increase in interstitial fibrous 
tissue was seen. 

Chemical studies of the spleen were car- 
ried out in the following manner: A portion 
of the spleen which had been preserved in 
formalin for 2 days was dried with acetone, 
powdered and extracted repeatedly with 
cold ether. It was then extracted with hot 
alcohol until no further cerebroside was 
obtained. The combined extracts were fil- 
tered and allowed to stand overnight at 5° C. 
The precipitate was centrifuged out and 
crystallized from hot alcohol. It was then 
dissolved in pyridine and precipitated with 
acetone. Following a crystallization from 
alcohol, the melting point of the nearly white 
lipoid material agreed with that of kerasin. 
A nitrogen content as determined by analysis 
by the microkjeldahl technique also agreed 
with that of this cerebroside. Since only 
the carbohydrate portion was to be studied, 
portions of the material were hydrolyzed 
by the short procedure of Kirk.‘ The 
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hydrolysate was neutralized with sodium 
hydroxide and the reducing sugar deter- 
mined before and after treatment with 
washed yeast for 1 hour at 37° C. The 
reducing substance was 100% fermentable. 
The percentage of reducing sugar before 
fermentation was somewhat low but little 
more was destroyed by 1 hour heating with 


A summary of the data which lead to 
the conclusion that the carbohydrate 
component of the cerebroside isolated 
from this spleen is glucose follows: 

The postoperative course of the patient 
was entirely uneventful. The blood pic- 
ture showed improvement and the cepha- 


Fic. 1.—Detail of splenic pulp. Note presence of masses of large, pale-staining Gaucher 
cells. (X 400.) 


Fic. 2.—Glucosazone obtained from the carbohydrate component of the cerebroside. 


the acid. The mucic acid test was negative, 
The osazone, prepared by usual methods. 
and recrystallized from 70% alcohol, had 
the typical appearance of glucosazone. The 
melting point of the osazone was 207° to 
208°. This is slightly lower than that of 
pure glucosazone but definitely higher than 
that of galactosazone. 


lin-cholesterol flocculation test returned 
to normal. On March 10, 1944, the pa- 
tient was discharged in good condition. 

Summary. 1. A case of Gaucher’s dis- 
ease in which the operatively removed 
spleen was subjected to chemical and 
pathologic study is reported. 
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The carbohydrate fraction of the disease: one in which the lipid is a 


lipid isolated from the spleen was found  galacto-lipid similar to normal kerasin, 
to be glucose. the other, an entity characterized by the 

3. It is suggested that there may be accumulation of an abnormal glucose- 
2 forms of lipid disturbance in Gaucher’s containing kerasin. 


We wish to thank Dr. Frank J. Geraghty for permission to use the clinical data of the case reported. 


REFERENCES 
DANIELSON, I. 8., Cuark, C. H., and Everett, M.R.: Proc. Soc. Exp. Biol. and Med., 49, 569, 


. Gaucuer, E.: De l’epithélioma primitif de la rate, Thése de Paris, 1882. (From Thannhauser, 
.: Lipidoses: Diseases of the Cellular Lipid Metabolism, Oxford Med. Publ., p. 317, 1940.) 
. Hauumay, N., Deven, H. J., Jr., TRAGERMAN, L., and Warp, W. E.: J. Biol. Chem., 132, 171, 


. Kirk, E.: J. Biol. Chem., 123, 623, 1938. 
. Kuenk, E., and Scuumann, E.: Ztschr. f. physiol. Chem., 267, 128, 1940. 
. Lies, H.: Ztschr. f. physiol. Chem., 140, 305, 1924. 


Lies, H., and Muapenovic, M.: Ztschr. f. physiol. Chem., 181, 208, 1929. 
MARCHAND, F.: Miinchen. med. Wehnschr., 54, 1102, 1907. 


. Potonwsk1, J.: Compt. rend. Acad, d. sc., 215, 443, 1942. 
. SCHLAGENHAUFER, F.: Virchows Arch., 87, 125, 1906-1907. 


1. 
1942. 
2 
3 
1940. 
4 
5 
6 
8 
10 
ned 
pa- 
ls 
dis- 
ved 


550 MOST, KANE, LAVIETES, LONDON, SCHROEDER, HAYMAN: 


COMBINED QUININE-PLASMOCHIN TREATMENT OF VIVAX MALARIA: 
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(From the Tropical Disease Section, Moore General Hospital) 


A STRIKING feature of vivax malaria of 
Pacific origin is its tendency to relapse 
after therapeutic termination of the acute 
attack with any of the antimalarial drugs 
currently in use. Of 583 patients treated 
by us for acute attacks and observed for 
a minimum of 120 days after treatment, 
425 patients (73%) had a clinical relapse, 
i. @., a recurrent attack of malaria with 
fever and blood smears positive for P. 
vivax. An additional 29 patients (5%) 
who did not have a clinical relapse had 
positive smears without fever or symp- 
toms at some time while under observa- 
tion after an attack. In other words, 
treatment of the attack failed to cure 
78% of the patients; 259 patients who 
relapsed were again observed for 120 days 
after retreatment. Of these, 181 (71%) 
relapsed, and 15 (6%) who did not relapse 
clinically, had at some time during their 
period of observation after the acute 
attack, a positive smear without fever or 


symptoms. Thus, retreatment of the next. 


attack again resulted in curative failure 
in 77% of the patients. Even if this 
trend of such a high failure rate continued 
after treatment of each successive attack, 
within 2 years after the first attack less 
than 2% of any large group originally 
treated would remain who might still have 
future relapses. However, the total num- 
ber of attacks experienced within the 
group during the period of activity of 
the disease would be considerable. Pres- 
ent treatment is, therefore, not effective 


in curing vivax malaria of Pacific origin 
in the majority of patients and is useful 
only in terminating episodes of acute 
clinical activity until the disease in any 
given patient has spent itself. 

The purpose of this paper is to present 
the results of the combined use of quinine 
and plasmochin in the treatment of acute 
attacks of vivax malaria with particular 
reference to the effect of such treatment 
on subsequent relapse. 

Background. Plasmochin was _ intro- 
duced as a new synthetic antimalarial drug 
by Schulemann and his co-workers. at 
Leverkusen in 1924. While this drug has 
definite antimalarial activity and is effec- 
tive in terminating the acute attack with 
relatively large doses, it was soon apparent 
that plasmochin by itself is not a practical 
drug in the treatment of acute attacks of 
malaria principally because of its potential 
toxicity. Acute attacks of malaria are 
more effectively and safely terminated by 
the use of quinine, quinacrine or more 
recently introduced 4 - amino - quinoline 
compounds. In recent years plasmochin 
has been used almost entirely as an 
adjunct to other antimalarial therapy 
because of its ability to eradicate gameto- 
cytes of P. falciparum with small amounts 
of drug in a matter of a few days. The 
value of this practice as a control measure 
in endemic areas is questionable. How- 
ever, there is evidence that the simulta- 
neous administration of plasmochin and 
quinine daily for 2 weeks or more is highly 
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effective in reducing relapse rates in vivax 
malaria during an observation period of 
2 to 6 months. This is in sharp contrast 
to curative failure or high relapse rates 
for Pacific vivax malaria treated with 
quinine, quinacrine, or 4-amino-quinoline 
compounds. It is not our purpose to 
review the voluminous literature on plas- 
mochin but brief reference will be made 
to studies with plasmochin in relation to 
its effect on subsequent relapse and its 
toxicity. 

Sinton and Bird® in 1928 reported a 
study from India in which 86 patients 
who received plasmochin alone or plas- 
mochin and quinine together for an at- 
tack of vivax malaria were followed for 
relapse for 2 to 4 months after treatment. 
Twenty-nine patients received 0.08 gm. 
of plasmochin (probably plasmochin naph- 
thoate) on 17 treatment days during a 
total of 39 days as suggested by the 
German manufacturers of the drug. The 
relapse rate during the period of observa- 
tion was 36%. ‘Twenty-two patients re- 
ceived 0.08 gm. on as many consecutive 
days as possible for 28 treatment days 
with interruptions only for toxic mani- 
festations. The average period during 
which the 28 treatment days were given 
was 36, with a range from 28 to 53 days. 
The relapse rate in this group was 23%. 
Fifteen patients received 0.1 gm. plas- 
mochin plus 1.25 gm. quinine sulphate 
on 17 treatment days during a 39 day 
course of treatment. The relapse rate 
in 2 to 4 months was 20%. Finally a 
group of 20 patients received these same 
daily amounts of both drugs for 28 days 
as continuously as possible during an 
average treatment period of 37 days. No 
patient relapsed during the period of 
observation. The relapse rate for the 
51 patients who received plasmochin alone 
was 30% and 8.5% for the 35 patients 
who received plasmochin and quinine 
together. Thus, of 86 patients in all 
4 groups who received plasmochin for 17 
to 28 days, relapse rate as given by the 
authors was 21%. Six patients who were 
lost sight of or who did not complete the 


full course of treatment were counted as 
failures so that the failure rate actually | 
observed for 80 men during a period of 
2 to 4 months after treatment was 16%. 
In contrast to this finding the relapse rate 
for 111 men treated with quinine alone 
and similarly observed was 77%. There 
is little question from the results of this 
study that combined quinine-plasmochin 
treatment very substantially reduced the 
incidence of relapse during 2 to 4 months 
after treatment. 

Sinton et al.!° in 1930 reported relapse 
rates for 2 additional groups of patients 
who received combined quinine-plasmo- 
chin treatment for acute attacks of vivax 
malaria. Seventeen patients received 
plasmochin, 0.06 gm., and quinine sul- 
phate, 1.25 gm., daily for from 4 to 
21 days as follows: 4 patients 4 days, 
7 patients 21 days, and 1 patient each 
for 8, 9, 11, 14, 16 and 17 days, respec- 
tively. No patient in this group had a 
clinical or parasitemic relapse for 2 months 
after treatment when the experiment was 
terminated. An additional 44 patients 
received plasmochin, 0.04 gm., and qui- 
nine, 1.25 gm., daily for 21 days. Three 
patients relapsed making a total failure 
rate of 6% for 54 men who received plas- 
mochin for 14 or more days in contrast 
to a relapse rate of 42% for 38 patients 
who received quinine alone. 

Jarvis® in 1932 reported 8% relapses 
during a 2 to 4 months period of observa- 
tion for 75 patients who received plas- 
mochin, 0.03 gm., and quinine, 1.3 gm., 
daily for 21 days. Manifold’ in the same 
year reported a large scale study of some 
3000 Indian and British troops who were 
treated for acute attacks of vivax malaria 
with plasmochin, 0.04 gm., and quinine, 
1.3 gm., daily for 21 consecutive days. 
Of these, 98% were able to complete the 
full course of treatment. Records of re- 
admission for relapse were analyzed dur- 
ing a period of 5 months after treatment 
and the relapse rate for the whole group 
was 5.2% in contrast to a wide experience 
with quinine alone in which relapse rates 
were from 42 to 77% after treatment. 
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More recently, Thomson and William” 
(1945) reported an extensive study on 
the effect of combined quinine-plasmochin 
treatment of vivax malaria of Mediterra- 
nean origin in this war. Of 100 patients 
with delayed primary attacks of vivax 
malaria treated with 4.6 gm. of quinacrine 
during 12 days, 29% relapsed during an 
observation period of 5 months. Of 76 
patients with delayed primary attacks of 
vivax malaria treated for 10 days with 
plasmochin base, 0.03 gm., and quinine, 
2 gm., daily, only 14 (18%) relapsed. 
The relapse rates for 650 men treated 
with quinacrine as above for later relapses 
and followed for 5 months was 34%, 
while the relapse rate for 584 men treated 
for later attacks with combined quinine- 
plasmochin was 10.3%. In our experience 
the relapse rate in 120 days for Mediter- 
ranean vivax malaria (150 patients) treat- 
ed with quinacrine or quinine was 32%. 
There can be no question about the sig- 
nificance of the reduced relapse rate in 
this British report. 

Thus far, references have been cited 
which indicate that combined quinine- 
plasmochin given for at least 10 days 
during which amounts of plasmochin base 
are at least 0.03 gm. daily is highly effec- 
tive in reducing the relapse incidence of 
vivax malaria during an _ observation 
period of 2to 5 months. Experiences with 
smaller amounts of plasmochin or short 
term schedules are generally not convinc- 
ing and definitely of no value in Pacific 
vivax malaria. Dieuaide,* in reviewing 
relapses following various schedules of 
treatment of vivax malaria in the Pacific, 
cites a relapse figure of 83% within 16 
weeks for 185 men who received 2 courses 
of quinacrine hydrochloride for acute at- 
tacks of vivax malaria, and a relapse rate 
of 78% for 136 patients who received 
2 consecutive courses of treatment con- 
sisting of 0.1 gm. quinacrine 3 times daily 
for 7 days followed by plasmochin naph- 
thoate, 0.02 gm., 3 times daily for 5 days, 
after which both were repeated. Thus, 
plasmochin for 5 days and repeated a week 
later had no effect in reducing the relapse 
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rate compared with quinine or various 
schedules of quinacrine mentioned by 
Dieuaide. In the Bulletin of the U. S. A. 
Med. Dept.,? relapse rates are compared 
for various groups of patients treated in 
this country for acute attacks of vivax 
malaria of Pacific origin with and without 
plasmochin and followed for at least 90 
days afterward. Of 176 patients who 
received quinacrine or totaquine alone, 
57 % relapsed. To 299 patients was given 
0.01 gm. plasmochin base 3 times daily 
for 3 days after quinacrine or totaquine 
alone, or after quinine or totaquine and 
quinacrine. The combined relapse rate 
in all these plasmochin groups was 56%. 
Here again is good evidence that plasmo- 
chin for 3 days after other antimalarial 
therapy is not effective in influencing the 
relapse rate of Pacific vivax malaria. On 
the other hand, Gentzkow and Callender 
in 1938 reported from Panama that this 
amount of plasmochin (0.01 gm. t.i.d. for 
3 days) in addition to 2.4 gm. of quina- 
crine during 4 days given to 128 patients 
resulted in a relapse rate of 9.4% in 
6 months, compared with 45.6% relapse 
for 215 patients who received quinacrine 
alone. This report is based on analysis 
of patient malarial registers. From India, 
Bird! reported 30.9% relapses in 152 pa- 
tients treated with plasmochin (0.01 gm. 
t.id. for 5 days) after 5 to 7 days of 
quinacrine, and a relapse rate of 46.3% 
for 201 patients who received the same 
amount of plasmochin after 7 days of 
quinine. These observations suggest that 
plasmochin for 5 days after quinine or 
quinacrine is not effective in reducing re- 
lapse rates in India compared with simul- 
taneous quinine and plasmochin treatment 
for 10 to 14 days. 

Summarizing the work cited, the evi- 
dence indicates definitely that simulta- 
neous quinine-plasmochin treatment for 
14 days or more of vivax malaria of Indian 
or Mediterranean origin results in a very 
significant reduction in relapse rates dur- 
ing periods of observation of from 2 to 
6 months, and that plasmochin for 3 or 
5 days after quinine, totaquine, or atabrine 
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is of no benefit in reducing relapses in 
vivax malaria of Pacific origin. With re- 
gard to the period of observation referred 
to above for these studies, it should be 
borne in mind that the majority of re- 
lapses occur within a month after quinine 
or totaquine treatment and within 3 
months after quinacrine or 4-amino-quino- 
line drugs. Short-term courses of plas- 
mochin (3 to 5 days) are of doubtful value 
in reducing relapse rates in vivax malaria 
of Indian origin and the reported bene- 
ficial effect of 3 days of plasmochin after 
quinacrine in reducing relapses in vivax 
malaria of Panamanian origin remains 
unconfirmed. 

The present report deals with the effect 
on subsequent relapse of simultaneous 
combined quinine-plasmochin treatment 
for 14 days in vivax malaria of Pacific 
origin, an aspect that has not heretofore 
been studied. 


Materials and Methods. The protocol 
herein described was furnished by the Office 
cf the Surgeon-General. Seventy-two white 
patients with acute attacks of vivax malaria 
of Pacific origin having fever and positive 
smears were admitted to a special treatment 
and study ward. No attempt at selection 
of patients were made. All drugs were 
administered by an officer. On the Ist day, 
quinine sulphate, 1 gm., and plasmochin 
naphthoate, 0.02 gm. (0.01 gm. base), were 
given together at 8 hour intervals. On 
Days 2 to 14 inclusive, quinine sulphate, 
0.65 gm., and plasmochin naphthoate, 0.02 
gm., were given together at 8 hour intervals. 
The total amount of drugs administered 
during the treatment period of 14 days was 
29 gm. of quinine sulphate and 0.84 gm. of 
plasmochin naphthoate. A control group 
of 75 white patients with acute attacks of 
vivax malaria of Pacific origin were treated 
with 29 gm. of quinine alone during 14 days 
on the above schedule. Temperatures were 
recorded every 4 hours. Parasite counts 
were done twice daily until negative for 
3 consecutive days. Hemoglobin, methe- 
moglobin, and total white blood count deter- 
minations were made daily. (Hemoglobin 
and methemoglobin were determined color- 
imetrically as cyan-methemoglobin.) Each 
patient was examined at least once daily 


by a medical officer and special attention 
was paid to the recognition of possible 
manifestations of plasmochin toxicity. On 
the day after completion of treatment on 
the ward, the patients were transferred to 
a convalescent area for further observation. 
The duration of observation was until re- 
lapse or for a minimum of 120 days. Dur- 
ing this interval smears were examined twice 
weekly. In the event of parasitemia, tem- 
perature observations were made every 4 
hours and parasite counts were done daily. 
A temperature of 100° F. or more, by mouth, 
associated with a positive smear was con- 
sidered a clinical relapse. 


Results. The cumulative clinical re- 
lapse rates during 120 days observation 
after treatment of acute attacks with 
quinine, quinacrine and combined quin- 
ine-plasmochin are shown graphically in 
Chart 1. The total failures after treat- 
ment are summarized in Table 1. 

A. Quinine. Seventy-five patients with 
acute attacks of vivax malaria of Pacific 
origin were treated with 29 gm. of quinine 
sulphate during 14 days. Sixty-two pa- 
tients (85%) had a clinical relapse within 
120 days. Five patients who did not re- 
lapse had, at one time or another during 
their period of observation, a positive 
smear without fever or symptoms. Thus 
quinine failed to eradicate the infection 
in 67 (89.4%) of patients treated and 
observed for 120 days. 

B. QurnacrinE (ATABRINE).  Sixty- 
nine patients with acute attacks of vivax 
malaria of Pacific origin were treated with 
2.8 gm. of quinacrine during 7 days. 
Fifty-six patients (81.1%) had clinical 
relapses within 120 days after completion 
‘of treatment. An additional 2 patients 
who did not relapse had, at one time or 
another during their period of observation, 
positive smears without fever or symp- 
toms. Thus, within 120 days following 
quinacrine, 84% of treated patients ex- 
hibited evidence that they were not cured 
of the infection. 

C. Combined Quinine Plasmochin. Sev- 
enty-two white patients with acute attacks 
of vivax malaria of Pacific origin were 
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treated with plasmochin and quinine as 
described under “Materials and Meth- 
ods” above. Three clinical relapses oc- 
curred within 120 days after completion 
of treatment or a clinical relapse rate 
of 4%. Five additional patients who had 


Toxicity. Numerous references can 
found in the literature dealing with toxic 
manifestations of plasmochin of varying 
type and severity. The principal toxic 
symptoms or signs reported are gastro- 
intestinal complaints: mild to severe epi- 
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DAYS TO CLINICAL RELAPSE FOLLOWING TREATMENT OF ACUTE ATTACK 


Cuart 1.—Comparative clinical relapse rates (cumulative) after treatment with quinine, quinacrine or 
combined quinine-plasmochin. 

Three groups of patients treated after acute attacks of vivax malaria of Pacific origin. (See text for 

dosages.) These patients were all followed for a minimum of 120 days after treatment of the acute 


attack. 


TABLE 1.—RESULTS OF TREATMENT IN 3 GROUPS OF PATIENTS WHO RECEIVED QUININE, QUINACRINE, 
oR COMBINED QUININE-PLASMOCHIN FOR AN AcuTe ATTACK oF VivaAx MALaria OF PACIFIC 
ORIGIN AND WeRE THEN FoLLOWED EITHER TO RELAPSE OR FOR 120 Days ArTeR COMPLETION 


oF TREATMENT (FOR DoSAGES, SEE TEXT) 


Previous Prior 

Patients relapses activity 

treated (av.) (av.) 
Qlinacrine ... . 69 4.4 7.8 
Quinine and plasmochin . 72 §.2 10.6 


Relapses 


Clinical* Parasitemia onlyt Total failurest 
~ An — ~ 
No. % No. x No. % 
62 82.8 ) 6.7 67 89.4 
56 81.1 2 2.9 58 84.0 
3 4.2 5 6.9 8 11,1 


* Clinical relapse—clinical recurrence with fever, symptoms and positive blood smear, observed within 120 days 


after treated attack. 


+ Parasitemic relapse—positive smear only without fever or symptoms and not followed by clinical relapse during 


120 days observation after treated attack. 


t Total failures—clinical relapses plus parasitemic relapses during 120 days after treated attack. 


neither fever nor symptoms during the 
120 days observation showed parasitemia 
in this period. Thus, of 72 Pacific infec- 
tions treated there were altogether only 
8 failures making a total failure rate of 
11.1% for the 120 days. 


gastric pain or soreness, anorexia, abdom- 
inal cramps, nausea, vomiting and diar- 
rhea; cyanosis; circulatory system signs 
and symptoms consisting of dyspnea, 
changes in pulse, blood pressure and 
electrocardiograms; changes in the blood 
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varying from mild anemia to severe or 
fatal hemolytic crises or agranulocytosis; 
vague muscular aches and pains and 
weakness; and central nervous system 
symptoms principally headache, dizziness, 
“nervousness,” psychosis and coma. The 
incidence of severe toxic reactions from 
the drug varies from 1 to 10% in different 
series reported. The hemolytic reaction 
is the most serious manifestation of plas- 
mochin intoxication and may vary from 
mild progressive anemia to a sudden 
severe and fatal hemolytic crisis asso- 
ciated with shock, severe anemia, jaun- 
dice, hemoglobinuria and azotemia. This 
reaction may come on early after rela- 
tively small amounts of drug but also 
may occur at any time during the admin- 
istration of plasmochin. Weakness and 
dark urine are the most common symp- 
toms at onset. During the acute episode 
the erythrocyte sedimentation rate, the 
white blood count, the reticulocytes, and 
serum bilirubin are elevated, while the 
red blood count and hemoglobin fall. 
Race, diet, climate and the prior adminis- 
tration of other drugs have all been sug- 
gested as factors which may be responsible 
for initiating a hemolytic reaction. Evi- 
dence regarding the possible relation of 
race and predisposition to hemolytic reac- 
tions will be presented. The degree of 
methemoglobinemia in many individuals 
is probably related to the dose of drug. 
Gastro-intestinal symptoms are most com- 
mon during the 4th and 5th days of ther- 
apy, and Roentgen ray studies during 
this time have revealed gastric hyper- 
peristalsis and intestinal spasm. Brief 
reference will be made to the incidence of 
toxic experiences in relatively large groups 
recently reported. 

Manifold’ (1931), in a report dealing 
with the results of treatment of vivax 
malaria in India with quinine, 1.25 gm., 
and plasmochin, 0.04 gm., given together 
daily for 21 days, presents an analysis of 
toxicity in 3213 patients so treated. 
Toxic symptoms or signs occurred in 21% 
of 1298 British soldiers and 10% in 1915 
Indians treated. Epigastric pain or other 
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gastro-intestinal symptoms were noted in 
15% of the British and 8 % of the Indian 
patients. Cyanosis was observed in 4% 
of the British cases, but this was not 
accurately determined in the Indians be- 
cause of their color. Jaundice was ob- 
served in only 3 patients and in 1 of these, 
an Indian, death followed as a result of 
a severe hemolytic reaction. In the 
author’s opinion, the majority of the 
symptoms were mild and he emphasizes 
that of 480 British patients personally 
treated the full course of 21 days of 
plasmochin was completed without inter- 
ruption by 478. He also states that 98 to 
99% of the patients in the whole series 
of more than 3000 cases completed a full 
course of treatment. 

West and Henderson” (1944) reported 
an incidence of 2.85% plasmochin toxic- 
ity in 846 patients treated for P. falci- 
parum infections in Africa with quinine, 
2.0 gm. daily for 3 days, quinacrine, 0.3 gm. 
daily for 5 days, no treatment for 2 days, 
and plasmochin base, 0.03 gm. daily for 
5 days. Twenty-two of the 24 patients 
with toxic signs had primary Falciparum 
infections and the other 2 had had malaria 
and plasmochin previously. Four patients 
were hospitalized after 0.06 gm. of plas- 
mochin base and the mean total toxic 
dose was 0.119 gm. Jaundice was the 
most common finding and was present 
in 20 patients, the mean icterus index 
being 27.6. Abdominal pain was present 
in 20 patients. Headache, weakness and 
dizziness were present in 16, 14 and 
11 patients, respectively. Two patients 
were psychotic and 1 in coma. Anemia 
was present in 19 patients and in 1 the 
red count was 1.4 million per c.mm., the 
average being being 2.88 million per c.mm. 
The white counts varied from 4.5 to 20.8 
and averaged 10.2 thousand per c.mm. 
All patients except 1 were ambulatory 
during the period of plasmochin therapy. 
Unfortunately, the color of the patients 
or the ratio of black to white in the 
population sample reported is not stated 
in this paper. This is of particular inter- 
est, because Swantz and Bayliss" in 1945 
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reported moderately severe hemolytic 
toxic reactions in 9 Negroes who had 
received plasmochin in the course of 
treatment for malaria. These reactions 
were encountered during a period of 
time in which approximately 3000 cases 
of malaria were treated. The amount or 
duration of plasmochin treatment is not 
stated and while exact racial data are 
not presented the authors state that the 
majority of their malaria cases were 
white. The absence of a single hemolytic 
reaction in the whites treated and the 
occurrence of 9 cases of severe intoxica- 
tion in Negroes may suggest some pre- 
disposition to plasmochin hemolytic reac- 
tions in Negroes. Further evidence of 
this nature is suggested by Shannon et al,® 
who observed 6 hemolytic reactions (5 
Negroes and 1 Chinese) among 71 pig- 
mented patients and none in 35 white 
patients who received 0.03 gm. plasmochin 
base for from 2 to 14 days. The incidence 
of hemolytic reactions for the pigmented 
group was 8.4%. All reactions occurred 
during the 3rd to 5th days of plasmochin 
therapy and were characterized by weak- 
ness, dark urine and icterus at onset. 
Hardgrove and Applebaum’ (1945) re- 
ported from Panama an incidence of 
10.13% of plasmochin poisoning in 4361 
laborers who received a routine mass 
treatment for malaria suppression consist- 
ing of quinacrine, 0.1 gm., 3 times daily 
for 5 consecutive days, no medication for 
the next 2 days, and then plasmochin base, 
0.01 gm., 3 times daily for 5 consecutive 
days. The reactions were of sufficient 
severity to require hospitalization of 8% 
of the treated group. It is of special 
interest that the incidence of hemolytic 
reactions in the whites treated with plas- 
mochin was 5.8%, and 11% in the other 
consisting principally of Negroes. Only 
21 toxic reactions occurred following less 
than 0.1 gm. of plasmochin base. Three- 
fourths of the admissions took place dur- 
ing the first 3 days of plasmochin treat- 
ment. The principal symptoms were 
abdominal pain, dark urine, anorexia, 
jaundice, headache, nausea and vomiting. 
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The important clinical findings were jaun- 
dice, abdominal tenderness, enlarged liver, 
pallor, cyanosis, low-grade fever, hemo- 
globinuria, bilirubinemia, anemia and 
leukocytosis. No deaths occurred, and 
treatment was essentially blood transfu- 
sion, intravenous glucose solution and 
sodium bicarbonate by mouth. It should 
be noted in this series that the incidence 
of hemolytic reactions was twice as great 
in whites as compared with Negroes and 
others, and that plasmochin was adminis- 
tered to men while they were working. 
Thomson and William” in their report 
dealing with 660 British soldiers who 
were treated for acute attacks of vivax 
malaria with quinine, 2 gm., and plasmo- 
chin base, 0.03 gm., daily for 10 consecu- 
tive days, encountered practically no sev- 
ere toxic manifestations. Of 295 patients 
personally treated by the authors, in only 
3 was therapy interrupted because of tox- 
icity. Other medical officers participating 
in the study, having less experience with 
plasmochin and being more cautious, inter- 
rupted therapy in 2 to 4% of 365 subjects. 
No serious reactions were encountered. 
It is evident from a brief survey of the 
literature that toxic experiences with 
plasmochin vary considerably in their 
incidence and severity. Large groups of 
patients have been given 0.03 gm. of 
plasmochin base for 10 to 21 days with 
practically no toxicity. On the other 
hand, serious hemolytic reactions have 
been reported when the drug was given 
for only 3 to 5 days. It is probable that 
Negroes are more susceptible to hemolytic 
reactions than whites and that taking 
plasmochin under working conditions may 
be a factor in producing serious reactions. 
We have administered plasmochin naph- 
thoate in doses of 0.02 gm. 3 times daily 
at 8 hour intervals for 14 days to 100 
white patients. No major toxic manifes- 
tations were observed and all patients 
were able to complete the full course of 
therapy. 
Forty % of the patients had some form 
of complaint referred to the gastro-intes- 
tinal tract and probably related to plas- 
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mochin. These complaints consisted prin- 
cipally of abdominal cramps or abdominal 
soreness which were rarely severe. These 
gastro-intestinal symptoms usually began 
from the 3rd to the 5th day and lasted 
from 1 to 7 days. 

Cyanosis was observed in 1 patient who 
had a methemoglobin value of 12 % on the 
lith day of treatment. Ninety % of 
the patients showed methemoglobinemia 
above normal values at some time during 
treatment with amounts ranging from 1 to 
12 % (average of 2.3 %) of total hemoglobin. 

In 16% of the patients who received 
plasmochin for 14 days there was a fall 
in total hemoglobin of from 11 to 20% 
which occurred during the 2nd week of 
treatment which we considered related to 
plasmochin. An equal number of pa- 
tients had an average fall in hemoglobin 
of 15.3% during the first 5 days. In the 
latter group, this fall in hemoglobin was 
apparently due to active malaria rather 
than plasmochin, since it occurred in the 
first few days of the acute attack and 
reversed itself with continued treatment. 
Severe anemia did not occur and no 
hemolytic crisis was observed. 

The effect of plasmochin on the white 
blood count was to produce leukocytosis 

*in a significant number of men (15% of 
counts above 10,000 per c.mm.) during 
the 2nd week of treatment and leukopenia 
(24% of counts below 5000 per c.mm.) 
during the lst week after discontinuance 
of the drug. Subsequent counts 2 weeks 
after treatment were all normal. 

In our experience the toxic manifesta- 
tions related to the administration of 
plasmochin were not severe or serious and 
should not detract from the value of the 
drug if proper care is taken in recognizing 
potentially serious signs of toxicity. 

Evidence has been presented that hemo- 
lytic reactions may occur more frequently 
in patients who are not white and some 
investigators believe that toxic manifes- 
tations due to plasmochin are more com- 
mon in patients who have recently re- 
ceived quinacrine. Plasmochin plasma 

levels are very much higher in patients 
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who have recently received quinacrine in 
comparison with levels from patients who 
have not had the drug. But whether high 
plasmochin levels and toxicity are related 
has not been established. It is suggested 
that patients receiving plasmochin as de- 
scribed in this paper be hospitalized dur- 
ing treatment and frequently observed to 
recognize early severe hemolysis, should 
it occur. Treatment should be limited 
to white patients. Hemoglobin determina- 
tions should be performed daily and com- 
plete blood counts at least twice a week. 
Cyanosis alone is not an indication for 
discontinuance of therapy. A fall in total 
hemoglobin of more than 20% in any one 
day should be regarded with suspicion 
and, if followed by a further decline in 
the amount of total hemoglobin on the 
next day, plasmochin treatment should 
stop. One cannot anticipate sudden hem- 
olysis by any laboratory method but 
symptoms of severe weakness and dark 
urine during the first 5 days of therapy 
should be investigated from the stand- 
point of a beginning hemolytic reaction. 
Fluids, blood and alkalies by vein are 
indicated if a severe reaction should occur. 
Abdominal cramps occur most f:: quently 
during the first week of treatmen+ and if 
severe may be controlled with atropine. 

The usual symptoms of cinchonism, 
namely, tinnitus, fullness in the head and 
ears, and headache, were encountered in 
varying severity in the lst week of treat- 
ment in the majority of patients. These 
symptoms gradually subsided in the 2nd 
week and caused no interruption of 
therapy. 

During the first 2 to 5 days of the acute 
attack of malaria most patients will re- 
main in bed. For the remainder of the 
2 week period of treatment in the hospital 
the patients may be ambulant on the ward, 
but vigorous exercise or overnight passes 
should not be allowed. Each dose of drug 
must be personally administered by a 
nurse or physician and each patient should 
be seen at least twice daily. Patients with 
anemia, severely malnourished, or in poor 
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physical condition should not be treated 
with plasmochin. 

Discussion. The clinical relapse rate of 
only 4% and a total failure rate of 11.1% 
following combined treatment with quin- 
ine and plasmochin is very striking. In 
our experience, the clinical relapse for 
10 groups of at least 50 patients each 
has varied from 65 to 85%, with total 
failure rates after treatment of from 75 to 
90% for all groups except the quinine- 
plasmochin group herein reported. 

Analysis of more than 1000 attacks of 
vivax malaria treated and observed here 
for 120 days indicates that within this 
period of observation the relapse rate after 
any given attack is not significantly influ- 
enced by the number of previous attacks, 
age of the disease, or amount, or duration 
of treatment with quinine or quinacrine. 
It is unlikely that these factors (see 
Table 1 for comparison of age of disease 
and number of previous attacks) can ac- 
count for the great difference observed 
between the failure rates of 11.1% follow- 
ing combined quinine-plasmochin treat- 
ment and 85 to 90% observed after quina- 
crine, quinine or other antimalarial drugs 
we have studied. The significance of the 
120 day period of observation after treat- 
ment should be emphasized at this point 
in relation to the probability of late 
relapses occurring after 120 days in the 
quinine-plasmochin group. The median 
interval to clinical relapse following treat- 
ment with quinine or totaquine is 24 days 
and 50 to 65 days following quinacrine or 
4-amino-quinoline drugs. Within 120 days 
80 to 90% of all patients treated for an 
acute attack of vivax malaria of Pacific 
origin with currently used antimalarial 
drugs will have interval parasitemia with- 
out fever or symptoms or actually relapse 
clinically. We know that a relatively 
small percentage of failures do occur after 
120 days. It is unlikely that absolutely 
no definitive cures follow treatment with 
quinine or quinacrine but even if this 
were so, the maximum number of failures 
which could possibly occur after 120 days 
observation would be only 10 to 20% of 
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treated patients. The median interval to 
failure (parasitemic and clinical) observed 
in the relapses which actually occurred in 
the quinine-plasmochin group was 34 days, 
compared with 36 days for the quinine 
controls. In other words, when quinine- 
plasmochin failed, it did so in the same 
interval after treatment as following quin- 
ine alone. We have now observed 20% 
of the plasmochin group for at least 
180 days after treatment and no failures 
after 120 days have occurred. Unless 
plasmochin alters the biology of vivax 
malaria in man so that very late failures 
will occur in the majority of treated pa- 
tients, it is our opinion that freedom from 
parasitemia or clinical relapse for 120 days 
which occurred in 90% of our treated 
patients represents definitive cure for at 
least 80% of men so treated. 

Analysis of our plasmochin relapses 
gives us no clue to a possible explanation 
for failure. The average mean quinine 
and plasmochin plasma levels in the fail- 
ures are in the same order and range as 
observed for the whole: group treated, as 
well as for the patient in whom 120 day 
cures were observed. There was 1 failure 
of 9 delayed primary attacks treated. The 
average age of the disease and the average 
number of previous attacks in the other 
7 failures was comparable to the patients 
in whom treatment was successful. 

Four month cures in 90% of patients 
treated with combined quinine-plasmochin 
raises the question of the general applica- 
tion of this form of treatment for vivax 
malaria. The relatively low clinical re- 
lapse rate of 30% within 120 days for 
vivax malaria of Mediterranean origin fol- 
lowing treatment with quinacrine or quin- 
ine makes it questionable whether plas- 
mochin treatment is routinely indicated 
in such infections, especially in the 2nd 
year of the disease. Certain individuals 
with vivax malaria of Mediterranean 
origin relapse frequently and at short 
intervals after treatment during the Ist 
year of the disease, particularly if quinine 
is used to terminate the acute attack. 
In these cases, plasmochin-quinine should 
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be considered, even though the likelihood 
of relapse for large groups of Mediterra- 
nean vivax cases is only about 30% in 
120 days following other forms of therapy. 

Since 120 day failure rates after treat- 
ment of attacks of Pacific vivax malaria 
may be as high as 90%, more serious con- 
sideration should be given to the use of 
combined quinine-plasmochin in this type 
of infection. Even though there is only 
a 10 to 20% chance that a patient treated 
with quinine or quinacrine for his first 
attack will have no subsequent attack in 
120 days, it seems worthwhile to take 
this chance for that attack and possibly 
for the next one or two relapses. However, 
the occurrence of repeated attacks at short 
intervals, for example, 3 to 6 attacks dur- 
ing the first 6 months of the disease or 
repeated attacks later in the disease,, is 
in our opinion an indication for the use 
of combined quinine-plasmochin therapy. 
The coéxistence of other diseases -which 
preclude the use of quinacrine therapeuti- 
cally or for suppression (quinacrine sensi- 
tivity and/or exfoliative or eczematoid 
dermatitis or atypical lichen planus) is 
another indication for the use of combined 
quinine-plasmochin. Likewise, patients 
who relapse frequently at intervals of a 
month or less after quinine and who can- 
not take quinacrine for the reasons men- 
tioned above can be treated with plasmo- 
chin as outlined in this paper. Finally, 
patients whose convalescence from other 
diseases is interrupted or delayed by re- 
peated attacks of malaria should be con- 
sidered candidates for combined quinine- 
plasmochin therapy. Each case must be 
considered individually and the merits of 
possible cure weighed against potential 
toxicity and a 2 weeks course of hospital 
treatment with plasmochin compared to 
a short safe course of treatment with 
other antimalarial drugs, although failure 
from the latter is to be expected in a very 
high percentage of treated patients. 

We appreciate the potential dangers of 
plasmochin, but we are impressed by the 
complete absence of severe or serious 
toxicity in our series of 100 consecutive 
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white patients to whom we have given 
0.06 gm. plasmochin naphthoate daily for 
14 days. The fact that our patients were 
all white, closely observed in the hospital, 
and in good physical condition may be 
a factor in the absence of toxicity. 

Summary and Conclusions. 1. Quinine 
sulphate, 1 gm., and plasmochin naph- 
thoate, 0.02 gm., simultaneously at 8 hour 
intervals for 1 day followed by quinine, 
0.65 gm., and plasmochin naphthoate, 
0.02 gm., simultaneously at 8 hour inter- 
vals for the next 13 consecutive days were 
administered to 72 white patients with 
acute attacks of vivax malaria of Pacific 
origin who were followed for at least 
120 days after treatment. 

2. The clinical relapse rate and total 
failure rate during 120 days observation 
was 4 and 11.1% respectively, following 
the above course of treatment. This is 
in sharp contrast to clinical relapse rates 
of 75 to 85% and total failure of 85 to 
90% based on similar observations after 
treatment of more than 500 patients for 
acute attacks of vivax malaria of Pacific 
origin with quinine, quinacrine or other 
antimalarial drugs. 

3. Combined quinine-plasmochin treat- 
ment resulted in apparent cure in 90% 
of patients as judged by the occurrence 
of clinical relapse or appearance of para- 
sites without fever or symptoms during 
a period of 120 days after treatment. 
According to the same criteria, only 10 
to 15% of cures follow treatment with 
quinine, quinacrine or other antimalarial 
drugs currently in use. 

4. No conspicuous or serious toxic mani- 
festations were observed in 100 white pa- 
tients who received combined quinine- 
plasmochin therapy for 14 consecutive 
days. The toxic manifestations one may 
encounter from plasmochin have been re- 
viewed and the precautions which should 
be observed in the use of this drug out- 
lined. 

5. The indications for the use of com- 
bined quinine-plasmochin in the treatment 
of vivax malaria are discussed. 
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In a clinical study’ designed to test the 
suitability of certain gelatin solutions as 
plasma substitutes, the only untoward 
effect encountered was the frequent oc- 
currence of thrombosis of the injected 
veins. This reaction both was undesirable 
and restricted seriously the number of 
veins available for repeated infusions. 
Because of the high incidence and con- 
siderable exterft of venous thrombosis it 
seemed likely that the solutions contained 
a thrombosing substance. 

The present study indicates that mer- 
curial preservatives were the probable 
cause of this reaction. 


A. Observations on Patients. Methods and 
Case Material. Eighty injections of 5 differ- 
ent gelatin solutions were made in 39 pa- 
tients. With the exception of 4 injections 
of 500 to 700 cc. each infusion was 1000 cc. 
Before administration the fluid was warmed 
to room temperature in a water bath. Fluid 
was administered by gravity in from 80 to 
120 minutes through a standard venoclysis 
sett employing a 19 gauge needle. No 
technical difficulties were encountered. 

The 39 patients ranged in age from 20 
to 84 years, the majority being over 50 years. 
They had various chronic diseases such as 
rheumatoid arthritis, thrombo-angiitis oblit- 


erans, Laennec’s cirrhosis, chronic glomerulo- 
nephritis and cerebral arteriosclerosis. Of 
these patients, 34 were injected wtth 2 or 
more preparations at suitable intervals to 
make certain that differences in response 
were not attributable to differences in patient 
material. 

Five minor febrile reactions, 3 with chill, 
occurred during the first 18 injections. It 
was believed that these may have been due 
to insufficient preparation of the equipment. 
Therefore, more elaborate care was taken 
in cleansing glassware and tubing. Follow- 
ing this precautiont{ no further febrile reac- 
tion occurred. 


Results. In general the infusion of gela- 
tin solutions was well tolerated. No sig- 
nificant changes occurred in body tempera- 
ture, pulse, respiration or blood pressure 
during or after the infusions, other than 
the 5 febrile reactions previously noted. 

Thrombosis was observed in 27 of 80 
veins injected with gelatin solutions. The 
lesion was apparent within 24 hours of 
injection, the veins becoming hard and 
cordlike. The hardened vein extended 
for distances of 3 to 30 cm. from the site 
of injection. Occasionally the vessel wall 
seemed thickened near the site of injec- 
tion although it remained patent. In such 


* The work described in this paper was done under a contract, recommended by the Committee on 
Medical Research, between the Office of Scientific Research and Development and the Research Service, 
First (Columbia) Division, Goldwater Memorial Hospital. 

+ Upjohn Infusion Set, supplied by Upjohn Company, Kalamazoo, Mich. 


t The procedure adopted was as follows: 


Dismantling of separate parts of equipment, washing 


with green soap, soaking in green soap for 20 minutes, rinsing in running tap water for 1 hour, rinsing 


in triply distilled water, packaging, and autoclaving at 15 pounds for 20 minutes. 
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instances the veins were not classified as 
thrombosed. Veins were classified as 
thrombosed when venepuncture showed 
them to be bloodless. Repeated vene- 
puncture on an appreciable number of 
these vessels after several months showed 
the veins to be occluded. However, in 
some cases the veins were blood-contain- 
ing after a few months. With 3 excep- 
tions the thrombosed veins were painless 
and non-tender. In these 3 instances the 
patients had complained of pain along 
the course of the vessel during the infusion. 
No clinical evidence of embolism from 
the thrombosed sites was observed. 

Table 1 shows the incidence of thrombo- 
sis after intravenous injections with 5 dif- 
ferent gelatin solutions, 4 of which con- 
tained mercurial preservatives. 


B. Observations on Rabbits. Propuc- 
TION OF THROMBOSIS. The thrombosing 
action of phenyl mercuric borate in 3 gela- 
tin preparations and in 10% glucose solu- 
tion was tested in rabbits. Control groups 
were injected with 10% glucose and with 
1 gelatin preparation free of the mercurial 
preservative. A single dose of each 
preparation, equivalent to 20 cc. per kilo 
body weight, was injected into the mar- 
ginal ear vein of the rabbit. The site of 
injection was then examined daily for the 
appearance of thrombosis. On the 4th 
day after injection biopsy of the site of 
injection was obtained by punching out a 
circular section of the ear, 1 cm. in 
diameter. Tissues were fixed and exam- 
ined histologically. 

The results (Table 2) correspond to the 


TaBLE 1.—INCIDENCE OF THROMBOSES AFTER INTRAVENOUS INJECTIONS OF GELATIN AND 
GLucosE SoLuTIoNns 


No. No. 
Preparation* Preservative (mg./100 ce.) injections thromboses 
Upjohn B20610-27 Phenyl mercuric borate 4.0 16 12 


Upjohn B20610-45 Phenyl mercuric borate 1.0 10 5 
Knox P7-20.. Phenyl mercuric borate 2.5 12 5 
Knox PM10-20 . .  Merthiolatet 3.4 15 5 
Knox PX10-20 27 0 
10% glucose in water. . . Phenyl mercuric borate 4.0 7 5 
10% glucose in water. . . None 7 0 


* The Knox preparation was characterized by high viscosity and the Upjohn by low viscosity. 
+ Mercury content equivalent to phenyl mercuric borate 2.5 mg. per 100 cc. 


The 2 Upjohn preparations were essen- 
tially alike except for differences in con- 
centration of the preservatives. The 3 
Knox preparations were also alike but for 
differences in the preservatives. Table 1 
shows that thromboses occurred frequently 
after injection with gelatin solutions con- 
taining either phenyl mercuric borate or 
merthiolate, whereas no thromboses fol- 
lowed injection with a gelatin solution 
(Knox PX10-20) containing no preserva- 
tive. This effect of the mercurial pre- 
servatives was likewise demonstrated in 
control studies employing 1000 cc. of 10% 
glucose. Five of 7 patients had extensive 
thromboses after injection with 10% glu- 
cose containing phenyl mercuric borate. 
By contrast none of 7 patients receiving 
10% glucose alone had subsequent throm- 
boses. 


observations on patients. Thromboses oc- 
curred frequently with preparations con- 
taining mercurial preservatives, whereas 
only 1 of 12 injections with non-preserved 
gelatin was followed by thrombosis. How- 
ever, unlike the experience with patients, 
the intravenous injection of 10% glucose 
produced thrombosis in 4 of 6 instances. 
The most severe ard extensive thromboses 
followed the injection of 10% glucose 
containing phenyl mercuric borate in con- 
centration of 4 mg./100 cc. In 4 instances 
gangrene of the surrounding tissues ap- 
peared 2 weeks after the injections. 
Thrombosis was apparent within 24 to 
72 hours of the time of injection. The 
microscopic appearance of sections taken 
4 days after injection is described as fol- 
lows: Thrombi consisted of fibrin, plate- 
lets, coagulated red blood cells and widely 
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scattered leukocytes with faded nuclei. 
The thrombotic elements formed masses 
which projected into the lumen or lined 
the endothelium like a membrane. Veins 
containing thrombi were widely dilated, 
and many revealed interrupted elastic 
lamellzee. About the walls of several veins 
were dense edema, fibrin precipitates and 
slight infiltration of lymphoid, mononu- 
clear and rare polymorphonuclear leuko- 
cytes. A few instances of perivascular 
hemorrhage were also found. No necrosis 
or leukocytic infiltration of the vessel wall 
was seen. 


different concentrations was added to the 
gelatin solution in 2 groups of rabbits, 
and in another group sodium thiosulfate 
was added.* The results are shown in 
Table 3. 

Thrombosis occurred in 8 of 10 veins 
injected with Upjohn gelatin solution 
B20610-27 containing phenyl mercuric 
borate, 4 mg./100 cc. The same incidence 
was obtained with this preparation in a 
previous series (Table 2). The addition 
of either sodium thiosulfate or of methio- 
nine to the gelatin solution appears to 
give some degree of protection against 


TABLE 2.—INCIDENCE OF THROMBOSIS IN RaBBIT Ears AFTER INTRAVENOUS INJECTION OF 
DIFFERENT GELATIN AND GLUCOSE SOLUTIONS 


Av. length 
Phen. mere. bor. No. No. of thrombus 
Solution (mg./100 cc.) injections thromboses (cm.) Sequelae 
Knox PX10-20 i 12 1 0.60 
Upjohn B20610-27 4.0 10 8 1.85 
Knox P7-20 2.5 10 4 0.80 
Knox P7-180 2.5 10 8 1.25 
10% glucose 4.0 6 5 4.70 4 had skin 
gangrene 


TABLE 3.—THROMBOSIS IN THE RaBBit Ear AFTER A SINGLE INTRAVENOUS INJECTION OF A 
GELATIN SOLUTION CONTAINING PHENYL Mercuric Borate: 
ParTIAL PrRoTrecTION WitH SULFUR-CONTAINING COMPOUNDS 


Adjuvant No. No. Av. len; 

Preparations (mg./100) cc. injections thromboses of thrombus 
Upjohn B20610-27* . None 10 8 2.2 
Upjohn B20610-27* . Methionine 8 10 4 2.3 
Upjohn B20610-27* . Methionine 16 10 4 1:2 
Upjohn B20610-27* . Na2S203 15 10 1 0.5 


* This gelatin preparation contains phenyl mercuric borate 4 mg. per 100 ce. 


Prorection AGAINST THROMBOsIS. An 
attempt was made to prevent the throm- 
bosing action of phenyl mercuric borate 
by adding various sulfur-containing com- 
pounds to the gelatin solution. The selec- 
tions of these substances was based upon 
earlier reports indicating a protective 
effect by sulfur-containing compounds in 
chloroform’ and by heavy metal poison- 
ing.**° The following experiments were 
performed: Four series of 10 rabbits each 
were employed. One gelatin preparation 
containing phenyl mercuric borate was 
used throughout. One group received this 
gelatin preparation alone. Methionine in 


the thrombosing action of phenyl mer- 
curic borate. Differences between the 
control series and that receiving sodium 
thiosulfate are highly significant. How- 
ever, in the case of methionine these 
differences are not of statistical importance. 

Discussion. The clinical observations 
show that intravenous injections of gela- 
tin solutions containing phenyl mercuric 
borate or merthiolate frequently lead to 
thrombosis of the injected vein. Other 
workers’ employing the same preparations 
and similar technique have observed 
thromboses much less often. The reason 
for this difference in incidence is not 


* An attempt to test the effect of cystine was unsuccessful because of the insolubility of this substance 


in gelatin solutions. 
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clear. The experimental production of 
venous thrombosis in the rabbit ear vein 
tends to support our clinical findings. 

The theory has been advanced that the 
toxicity of mercury and of arsenic may 
be due largely to inhibition of —SH en- 
zymes. Recently Cook'? and his co- 
workers have shown that phenyl mer- 
curic nitrate depresses the activity of 
certain enzyme systems important in 
tissue respiration, and that this depressive 
action can be prevented by compounds 
containing sulfhydril groups. The de- 
toxifying capacity of certain dithiol com- 
pounds (BAL)**"" for arsenic and mercury 
are attributed to the presence of —SH 
groups. Such a reaction could explain 
the low incidence of thrombosis with the 
use of plasma containing this mercurial 
preservative and the relatively high inci- 
dence of thrombosis obtained with the use 
of gelatin or glucose solutions containing 
the preservative. Plasma, which is made 
up of complete proteins containing reac- 
tive sulfur groups, might be expected to 
protect against mercuric ions more readily 
than either gelatin or glucose. 

However, in the present study another 
explanation seems indicated, since methio- 


nine and sodium thiosulfate appeared to 
protect against thrombosis caused by 
phenyl mercuric borate. The protection, 
therefore, cannot be ascribed to the 
specific presence of —SH groups. It 
seems more likely that these substances 
converted the mercuric ions to the mer- 
curous form, which would render the com- 
pound less irritative. A similar reaction 
has been observed between mercuric 
chloride and sodium formaldehyde sulf- 
oxalate.'° 

Summary and Conclusions. 1. Local 
venous thrombosis occurred frequently in 
patients injected with gelatin solutions 
containing phenyl mercuric borate or 
merthiolate. 

2. Venous thrombosis did not occur in 
patients injected with gelatin solutions 
free of these mercurial preservatives. 

3. Similar findings were obtained in 
experimental studies on ear veins of 
rabbits. 

4. The addition of sodium thiosulfate 
or methionine to gelatin solutions con- 
taining phenyl mercuric borate appeared 
to give partial protection against the 
thrombosing action of this mercurial pre- 
servative. 


The authors wish to express their thanks to the Knox Gelatine Company and to the Upjohn Company 
for their helpful codperation in furnishing materials for this study. 
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INVOLVEMENT of the bone by Coccidi- 
oides immitis is rare and relatively un- 
known in the eastern parts of the United 
States. With the return of our servicemen 
from endemic areas, every section of the 
country may be confronted with this 
disease. ‘The organism is a specific fungus 
which produces a primary or initial infec- 
tion usually in the form of a mild pulmon- 
ary involvement. This condition is be- 
nign, self-limited, and generally clears up 
within a few weeks. In many cases, par- 
ticularly residents of endemic areas, this 
phase of the disease is asymptomatic. 
However, of those having the primary 
infection, a small percentage develop a 
secondary or disseminated involvement in 
various parts of the body. This is a very 
serious infection, it may come on months 
or years after the initial phase and usually 
leads to a fatal result. When the bone 
is involved, the clinical pattern of the 
disease frequently resembles a tuberculous 
infection and unless one is aware of this 
condition, the diagnosis is missed. Be- 
cause of the importance of making an 
early and accurate diagnosis of fungus 
infection in the bone, the following cases 
are presented. 


Case Reports. Case 1. A colored male, 
aged 32, was admitted to Oliver General 
Hospital on April 10, 1945, complaining of 
pain and swelling of the left ankle. He gave 
a history that in the early part of January 
1945, while stationed at Amchitka, Alaska, 
he slipped on the ice and twisted his left 
ankle. He had considerable pain and the 


next morning went on sick call, where his 
ankle was strapped and he returned to duty. 
A few weeks later he began to have a throb- 
bing type of pain and noticed swelling of 
the ankle. The pain gradually increased 
and on February 1 he went to the dispensary, 
where roentgenograms were taken which re- 
vealed a destructive process of the lower 
end of the tibia, with erosion and elevation 
of the periosteum. He was admitted to the 
station hospital where he was given a course 
of sulfadiazine and penicillin therapy. He 
received a total of 2,250,000 units of penicil- 
lin and 50 gm. of sulfadiazine without any 
relief. 

The patient was inducted in the service 
from North Carolina on Jan. 22, 1942, re- 
ceived his basic training in Louisiana, spent 
3 months in Alabama and 11 months in 
Phoenix, Arizona. He remained 6 months 
in Mississippi and 1 month in the state of 
Washington before being sent to Adak in 
the Aleutian Islands, where he remained for 
11 months. From there he was transferred 
to Amchitka, where 1 month later he twisted 
his ankle. The patient states that he was 
in good health and felt well up to the time 
of the accident. In the past, he has had no 
unusual illnesses with the exception of an 
appendectomy in 1937. 

A diagnosis was made of acute non-sup- 
purative osteomyelitis involving the distal 
third of the tibia, of undetermined origin. 
As the patient had spent 11 months in 
Arizona where coccidioidomycosis is known 
to be endemic, the possibility of coccidioidal 
infection of the bone was considered. The 
patient was evacuated to the Zone of the 
Interior for study and treatment. During 
the middle of March, while he was in the 


* From the Orthopedic Section and Laboratory Service, Oliver General Hospital, Augusta, Georgia, 
and from the Mycology Section, Fourth Service Command Medical Laboratory, Fort Mc Pherson, 


Georgia. 
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process of being transferred from Alaska to 
this hospital, incision and drainage were per- 
formed and later a short leg cast was applied. 

Upon admission the patient appeared to 
be slightly undernourished but not acutely 
ill. He had a short leg cast which extended 
from the toes to just below the knee joint. 
The cast was soft, somewhat discolored, and 
had a foul odor. Upon removing the plaster 
there were 2 fairly large granulating wounds, 
1 over the inner and the other over the 
posterior aspect of the ankle joint. There 
were also 4 small draining sinus tracts, and 
the ankle was swollen, especially over the 
inner and posterior sides. The skin over 


(Fig. 2). A number of specimens were taken 
from the wound for culture and guinea pig 
inoculation. The entire area was then 
cleaned and a new cast was applied. 
Laboratory Examinations. Red blood cells, 
3,190,000; white blood cells, 8850; hemo- 
globin, 64% (neutrophils, 65; lymphocytes, 
29; monocytes, 3; eosinophils, 1; stabs, 2). 
The urine was acid and had a specific gravity 
of 1.018; albumin and sugar were negative. 
The blood sedimentation rate was 56 mm. 
at 1 hour. The smears and culture taken 
from the wound disclosed Proteus vulgaris 
and Staph. aureus. The Kahn and Wasser- 
mann reactions were negative. Smear, cul- 


Fie. 1.—Note the large, irregular wound with multiple sinus tracts over inner and posterior aspects 
of ankle and foot. 


the inner aspect was red, distended and had 
a shiny appearance. There was considerable 
purulent discharge over the posterior wound, 
while over the anterior aspect of the ankle 
there was a watery, serous exudate. The 
entire ankle was very tender to touch and 
all motions were considerably restricted and 
painful (Fig. 1). 

Roentgenograms were taken of the ankle, 
disclosing a large egg-size area of rarefaction 
over the lower end of the tibia just above 
the articulating surface. There was an 
extensive periosteal proliferation over the 
inner and posterior aspects of the lower end 
of the bone. The ankle joint appeared free 


ture and guinea pig inoculation of the 
material were all negative for Mycobacterium 
tuberculosis. Smears were negative for the 
actinomyces group. On culture, a fungus 
grew out which resembled a common con- 
taminant. 

On May 4, an incision was made over the 
draining sinus tracts exposing the bone where 
a defect was found which was filled with a 
grayish granulating tissue. A number of 
specimens were removed for culture and 
pathologic examination. 

The pathologic report of the biopsy material 
disclosed on microscopic section giant cells 
and at rare intervals single spheroid bodies. 


On 
nec 
j 
da 
boc 
tio 
un 
pu 
th 
me 
cor 
Y 
Fi 
Di 
ti 
wi 
a 
at 
fer 
sit 
pt 
ca 


DISSEMINATED COCCIDIOIDOMYCOSIS LOCALIZED IN BONE . 


One or 2 of these bodies were found in the 
necrotic margins of the tissue. Diagnosis: 
‘Tissue granulation with complicating secon- 
dary infection. The presence of rare spheroid 
bodies raises the question of fungus infec- 
tion.” 

The patient’s general condition remained 
unchanged. There was still considerable 
purulent discharge which required changing 
the plaster cast every 2 or 3 weeks. Comple- 
ment fixation studies on this patient’s serum, 
completed in June by Dr. D. 8. Martin at 
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wound and the presence of an enlarged, 
tender femoral lymph gland, the patient 
was taken to the operating room on July 18 
and under general anesthesia the gland was 
removed for study. The wound over the 
lower end of the tibia was enlarged and the 
cavity in the lower end of the tibia was 
thoroughly curetted and the posterior ledge 
of bone was resected. Several bone and 
tissue specimens were sent to the laboratory 
for examination. The report of this material 
is as follows: 


Roentgenograms showing an area of rarefaction over the lower end of the tibia, with marked 


periosteal proliferation over the inner and posterior aspects of the bone. 


Duke University, were positive for coccidi- 
oidomycosis in a dilution of 1:64 and nega- 
tive for blastomycosis. 

On July 12, the patient was skin-tested 
with 1:100 and 1:10 coccidioidin and gave 
a reaction which was interpreted as moder- 
ately severe. At this time a large, painful 
femoral lymph gland was noted on the left 
side. The chest was negative, and his 
physical condition was satisfactory. Be- 
cause of continued profuse drainage from the 


Specimen A: Lymph Gland. Gross appear- 
ance: Plum-sized lobulated matted mass of 
nodes. Gross section of entire mass shows 
a thin capsule distortion of cortex and 
medulla. Whole mass is streaked red, white 
and yellow. 

Microscopic studies: Distortion of follicu- 
lar architecture has occurred in this group 
of matted nodes. Germinal cells of the 
follicles in many fields appear to have in- 
creased numerically and where this has oc- 
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curred, lymphocytes have been compressed 
into a circumferential mantle. Reticulum 
cell proliferation has occurred in the inter- 
follicular tissue (pulp). The tissue is vas- 
cular and reticulum cells in scattered fields 
take part in a tubercle-like reaction. In 
1 field several mononuclear whorls are con- 
joined and central caseation necrosis occurs. 
No doublecontoured spherules were observed. 

Specimen B: Curettings. Gross appear- 
ance: Blood-drenched soft tissue and ragged 
fragments of bone. 


Command Laboratory for further study: 
(A) material from a deep necrotic focus in 
the bone (end of tibia); (B) curettings from 
the same areas as “A”; and (C) wedge of 
tissue from the surface of the granulating 
wound. 

The general procedures followed in the 
study of the above specimens were: 1. 
direct microscopic examination; (2) culture 
of the material on (a) blood agar plates, 
(b) Sabouraud’s dextrose agar plates, and 
(c) Smith’s synthetic medium for Coccidioides 


TaBLE 1.—Mycotogic Stupres on Case 1 


Cultural studies 


Direct animalt inoculation studies 


— 


Animalt Organism 
Material Direct Media inoculation Material recovered 
used observations used Growth results used Observations by culture 
Immature Blood Typical Mouse died in Nocultures 
Material spherules agar lesions, Untreated 24 hrs. from made 
from seen spherules acute bacter- 
deep seen ial peritonitis 
necrotic Sab.* + Typical me Ks Mouse died in Nocultures 
focus agar lesions, Concentrated 24 hrs. from made 
spherules by CuSO, acute bacter- 
seen ial peritonitis 
Smith’s ot No mouse 
medium inoculated 
Immature Blood No mouse Mouse died in Nocultures 
Curetings spherules agar ob inoculated Untreated 24 hours from made 
seen acute bacter- 
ial peritonitis 
Sab.* oh Typical —_ Mouse died af- Culture 
agar lesions, Concentrated ter 10 days; isolated 
spherules by CuSOs typical lesions killed 
seen and spherules another 
Smith’s “~ No mouse observed mouse 
medium inoculated 
“*Spherules of Blood Mouse still liv- 
Wedge of coccidioides agar Untreated ing after 4 
tissue or blastomy- Sab.* _ months 
ces not seen.’’t agar 
Smith’s 
medium 


* Sabouraud’s dextrose agar. 


+ Report from Pathology Department, Lawson General Hospital. _ 
{ Animals inoculated by intraperitoneal injection of saline suspension. 


Microscopic studies: In this section of 
curettings from the deeper granulomatous 
focus in bone, the tissue reactions are similar 
to those described above with actual tubercle 
like masses, single and conjoined, with and 
without giant cells studding the tissues every- 
where. The giant cells are enormous and the 
constellation of nuclei are centric, polar and 
peripheral. In 1 field and actually within 
the body of one of these giant cells, there is 
a spherule with double contour capsule. It 
contains several rounded bodies (endospores) 
adherent to the inner surface of this doubly 
refractile limiting membrane. 

The following parallel material obtained 
at this operation was forwarded to the 
Mycology Section of the Fourth Service 


immitis; (3) mouse inoculation with (a) un- 
treated materials, and (b) materials concen- 
trated by the copper sulfate method of 
Smith. 

The results of the laboratory procedures 
just outlined are given in Table 1. They 
prove conclusively that the localized lesion 
involving the lower third of the left tibia 
was caused by C. immitis. While the cause 
of the infection was indicated by the imma- 
ture spherules in the biopsy material of the 
first examination (May 4) and by the results 
of the serologic test made in June, it was 
proven by the isolation of the organism from 
the material removed from the lesion itself. 

In the attempt to follow the course of the 
infection, a second specimen of serum was 
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collected on August 4 and sent to Duke Uni- 
versity for examination. A doubtful reac- 
tion in the undiluted serum was obtained. 
Inasmuch as the antibody titer had dropped 
from a positive reaction in a 1/64 dilution 
in June to a doubtful reaction in the undi- 
luted serum in August, it was felt by some 
that a good prognosis was suggested. 

The patient’s condition gradually im- 
proved. He was confined to absolute bed 
rest and his ankle was immobilized in a 
plaster cast which extended from his toes 
to just below the knee. On July 24 he was 
started on potassium iodide drops. The 
blood sedimentation rate on August 13 was 
35 mm. at 1 hour. Vaccine treatment was 
started on Aug. 25, 1945. The first dose 
was 0.1 ce. of a 1:10,000 dilution of coccidi- 
oidin vaccine. The injection was given 
subcutaneously, 3 times weekly, and in- 
creased with each dose. By September 19 
the sedimentation rate was down to 19 mm. 
On October 1 the patient developed an acute 
Vincent’s infection of the left tonsillar 
region, which cleared up in 3 days with 
penicillin treatment. 

His leg cast was removed on October 12 
and roentgenograms were taken. The wound 
over the medial and anterior aspects of the 
ankle was closing in and was one-third the 
size noted 1 month earlier. Most of the 
sinus tracts over the back of the ankle were 
healed. Roentgenograms disclosed increased 
density of the bone with evidence of new 
bone production and healing of the bone 
cavity. The lower end of the tibia appeared 
smooth (Fig. 3). A new cast was applied 
and the patient was permitted to be up on 
crutches. Vaccine treatment was continued 
and on October 25 he was given 0.2 cc. of 
a 1:100 dilution of coccidioidin. The sedi- 
mentation rate on October 25 was down to 
12 mm. at 1 hour. 

At the present time the patient feels well, 
has gained weight and runs a normal tem- 
perature. The wound appears to be healing. 
The infection appears to have been arrested 
temporarily and it is hoped that continued 
treatment will prevent further dissemination 
of the disease and will complete the healing 
of the present lesions. 

Case 2. A colored male, aged 22, was 
admitted to this hospital from overseas on 
Oct. 24, 1945, with the chief complaint of 
pain, swelling and discharge in the region of 
the left great toe. He gave a history that 


in the early part of August 1945, while load- 
ing boxes in his Company area in Alaska, a 
box fell and struck his left great toe. The 
toe became swollen and a week later he 
noticed some pus over the side of the toenail. 
Hot soaks were applied at the Dispensary 
but without any improvement in his condi- 
tion. On September 12, 1945, he was admit- 
ted to the station hospitalat Shemya, Alaska, 
where the left great toe was found to be 
swollen and 3 draining sinuses weré present, 
2 on the lateral side of the toe just distal 
to the nail and 1 over the anterior surface. 
Roentgenograms taken at this time dis- 
closed an irregular destruction of the distal 
phalanx of the great toe (Fig. 4). On Sep- 
tember 18, an incision and curettage of the 
toe was performed under spinal anesthesia. 
At operation no pus was encountered and 
the material removed appeared to the sur- 
geon to be chronic inflammatory tissue. 
The patient was given 120,000 units of penic- 
illin prior to operation, and 10,000 units 
every 3 hours for 3 days afterward. The 
surface wounds appeared to improve and 
he was evacuated to the Zone of the Interior 
with a diagnosis of chronic osteomyelitis of 
the distal phalanx of the great toe. 

His military history is of interest because, 
as in the preceding case, he spent a period 
of 11 months in Arizona. He was inducted 
into the service from Alabama on Jan. 8, 
1942, and received his basic training in Texas. 
From June to November 1942, he was sta- 
tioned at Douglas, Arizona, and while there 
was confined to thezhogpital for an undeter- 
mined fever. He “ater. spent 1 month at 
Tucson, and from Décember 1942 to May 
1943 he was at Phoenix, Arizona. He re- 
mained 6 months iff’ Mississippi and 1 month 
at Seattle, Washington, before being sent to 
Adak in the Aleutian Islands, where he 
remained for 1 year and from there was sent 
to Attu.where he stayed until May 1945, 
when he was sent to Alaska. 

Upon admission to this hospital the pa- 
tient did not appear acutely ill. There was 
a rather large, irregular, granulating wound 
over the outer and distal aspect of the left 
great toe. The skin edges were raised and 
had a grayish, dull appearance. There was 
a moderate amount of purulent discharge. 
The distal end of the toe was greatly en- 
larged and very tender. His general condi- 
tion appeared satisfactory and the heart 
and lungs were clear. Blood pressure was 
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124 systolic and 74 diastolic. Liver and 
spleen were not palpable. Roentgenograms 
of the foot disclosed an area of destruction 
of the terminal phalanx of the left great toe. 
Roentgenograms of the chest and spine were 
negative. 

Laboratory Examinations (Oct. 26, 1945). 
Red blood cells, 3,250,000; hemoglobin, 
62%; white blood cells, 10,400; (neutro- 
phils, 50; lymphocytes, 24; monocytes, 
13; eosinophils, 10; staff cells, 3). Be- 
cause of the high number of the eosino- 
phils found, the blood count was repeated 
2 days later and the count disclosed 4% 
eosinophils. The blood sedimentation rate 
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several double-contoured spherules present 
amid several bits of granulation tissue. Re- 
lated to some of the spherules are typical 
Langhan’s giant cells and an occasional early 
tubercle-like lesion, consisting of a mass of 
epitheloid cells with a slightly necrotic center 
surrounded by lymphocytes. Elsewhere the 
granulation tissue is heavily infiltrated by 
numerous plasma cells, lymphocytes and 
neutrophils. One tag of tissue is particularly 
covered by normal squamous epithelium. 
Specimen B. Bloody Curettings from a 
Deep Focus. Microscopic studies: Essen- 
tially the same findings as in “A”, with 
addition of a bit of calcium present on the 


Fie. 4.—Roentgenogram showing rarefaction with irregular destruction of the distal phalanx 
of the great toe. 


was 49 mm. at 1 hour. The Kahn reaction 
was negative. Urine was acid, specific grav- 
ity 1.014 and 1+ albumin. Skin test with 
coccidioidin in dilution of 1:100 and 1:10 
were negative. The patient was running a 
moderately elevated temperature varying 
from 98° to 102° F. Because of continued 
drainage from the wound, the patient was 
taken to the operating room where the sur- 
rounding infected soft tissues were excised 
and the bone thoroughly curetted until 
healthy appearing bone was reached. Speci- 
mens of the soft tissue and curettings were 
sent to the laboratory for examination. 
Specimen A. Exuberant Granulations from 
Wound. Microscopic studies: There are 


periphery of the section. 
epithelium present. 

The following parallel material obtained 
at the operation was forwarded to the Mycol- 
ogy Section of the Fourth Service Command 
Medical Laboratory for further study: (a) 
wedge of tissue from surface of granulating 
wound; (6) curettings from the deep focus 
in the bone (distal phalanx). _ 

The results of the laboratory procedures 
are given in Table 2 and prove definitely that 
the localized region involving the distal 
phalanx of the great toe was caused by the 
Coccidioides immitis. 
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TaBLE 2.—Myco.tocic Stupies on Case 2 


Cultural studies 
_ Animal+ 
Direct inoculation 
Material used observations Media used Growth results 
Specimen “A” {ature spherules Hormone blood a No mice injected 
(Direct streaking of with germinating agar 
specimen) endospores seen Sab.* agar — - No mice injected 
Smith’s medium a No mice injected 
Special selective > Typical lesions; 
mediumt spherules seen 
Swab inserted in same er Hormone blood = No mice injected 
tube—streaked agar 
Sab.* agar _ oe No mice injected 
Smith's medium No mice injected 
Washingsfromtubein Hormone blood No mice injected 
which specimen was agar ee 
sent poured on plate Sab.* agar _ a No mice injected 
Smith's medium No mice injected 
CuSO,concentrate ..... Special selective Typical lesions; 
mediumt spherules seen 
Specimen ““B” Mature spherules Hormone blood s- No mice injected 
(Direct streaking of with germinating agar Ft 
specimen) endospores Sab.* agar _ + No mice injected 
Smith’s medium a No mice injected 
CuSO, concentrate Special selective oh No mice injected 


mediumt 


Specimen A: wedge of tissue from surface of granulating wound. 
Specimen B: curettings from the deep focus in the bone (distal phalanx). 
* Sabouraud’s dextrose agar. 


+ Special selective medium: medium in which penicillin and streptomycin are used as inhibiting agents. 


to be published elsewhere. 


t Animals inoculated by intraperitoneal injection of saline suspension. 


Fie. 5.—Photomicrograph, Case 2. 


Legend 


Direct animal inocula- 
tion studies 


Two mice injected; both 
died and typical les- 
ions and spherules were 
observed; organism re- 
covered upon culture 


Two mice injected; both 
died and typical les- 
ions and spherules were 
observed; organism re- 
covered on culture 


Details 


Note spherule with double contoured capsule. 
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Discussion. While the mycologic stud- 
ies in both cases were similar, and the 
criterion for the positive identification of 
the culture were the same, namely the 
development of typical lesions and the 
observation of typical spherules in these 
lesions, one or two facts should be pointed 
out. First, in Case 1, the spherules as 
they appeared in the direct microscopic 
examination of the tissues were immature, 
“empty” double-walled structures, not 
showing the endospores that are normally 
associated with typical spherules; while 
in Case 2 a large percentage of the spher- 
ules observed showed the germination of 
the endospores within the spherule (Fig. 5). 
Secondly, in Case 2, the concentrated 
material that was prepared for direct inoc- 
ulation into a mouse, grew in pure culture 
when streaked on culture media (although 
the authors of the copper sulfate method 
of concentration do not recommend cul- 
turing of the concentrate). Thirdly, when 
the infectious material was streaked upon 
hormone blood agar containing penicillin 
and streptomycin as inhibiting ggents, the 
fungus grew in pure culture when the con- 
centrations were 25 units of streptomycin 
and 6 units of penicillin per cc. of the 
medium. The growth on this medium 
was faster and more abundant than on 
Smith’s medium. 

Serologic tests on this patient were run 
at the Stanford University School of 
Medicine, and the results were as follows: 


complement fixation test: 4+ in 1:64 and 
2+ in 1:128; precipitin test 3+ in un- 
diluted serum and 2+ in 1:10. The report 
stated “Findings indicate a disseminated 
coccidioidal infection (coccidioidal granu- 
loma) which checks with finding the organ- 
ism (Coccidioides immitis) in the tissue 
biopsy.” 

Summary. 1. Two cases of dissemi- 
nated coccidioidomycosis with localized 
lesions in bone are presented. Both pa- 
tients are colored males and give a history 
of having been stationed in southern 
Arizona for 11 months. 

2. Complement fixation studies of the 
patients’ serum were positive for Coccidi- 
oides immitis. 

3. Microscopic examination of biopsy 
material disclosed immature spherules in 
Case 1 and typical, mature spherules in 
Case 2. 

4. Cultures of material in both cases 
grew colonies of Coccidioides immitis. 
Mice inoculated with these cultures died, 
and at autopsy gross lesions were found 
characteristic of a coccidioidal infection. 

5. Mice inoculated with concentrated 
curettings of the biopsy material died and 
spherules characteristic of Coccidioides im- 
mitis were demonstrated in the gross 
lesions and the organism was recovered 
from the animals upon culture. 

Case 2 has since died as a result of 
disseminated lesions all over the body. 
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VITAMIN A AND CAROTENE METABOLISM IN THE DIABETIC AS 
REFLECTED BY BLOOD LEVELS 


By Martian S. 


Octavio A. GERMEK* 
AND 
L. SEvRiINGHAUSt 
MADISON, WISCONSIN 


(From the Biochemical Laboratory and Department of Medicine, State of Wisconsin General Hospital!) 


In line with our interest in the special 
dietary requirements of diabetics, sys- 
tematic studies of circulating vitamin A 
and carotene in diabetic patients were 
undertaken when the simple and depend- 
able photocolorimetric technique for the 
measurement of small amounts of vita- 
min A became available.** Stated evi- 
dence in the literature, that the diabetic 
organism has difficulty in the normal con- 
version of carotene to vitamin A, was not 
convincing. This concept was suggested 
by evidence of a trend toward defective 
carotene “tolerance”’ in diabetics studied 
by Ralli and her associates,*?® and by 
Heymann. These studies were made 
before it was practically possible to deter- 
mine whether the tendency toward hyper- 
carotenemia among diabetics was also 
accompanied by a trend toward compara- 
tively low levels of circulating vitamin A. 
In later papers®* the common observation 
of faulty visual adaptation among dia- 
betics was accepted as evidence of vita- 
min A “deficiency,” an assumption that 
appeared untenable to us from lack of 
correlation between directly measured 
vitamin A in the circulation and visual 
performance in either diabetics or nor- 
mals.’ 

In the European literature there was 
occasional reference to a peculiar caro- 
tene: vitamin A relationship attributed to 
defective handling of both the vitamin and 
pro-vitamin, based on the finding of 
excessively high levels of both in the blood 
stream of some diabetic patients,'*° but 
individual data were not recorded. At 


* Pan-American Fellow in Human Nutrition 


that time only a small group of continental 
workers were using successfully the exact- 
ing chemical determination of blood vita- 
min A perfected in Dutch and German 
laboratories,?**°*! which was patently not 
adaptable for widespread use.”.27 

Our preliminary blood assays with the 
simplified method seemed noteworthy, 
mainly in a negative way, failing to reveal 
any impressive tendency among diabetics 
toward either the high carotene:low vita- 
min A relationship suggested by the theory 
of faulty carotene conversion, or the high 
carotene:high vitamin A mentioned by 
continental workers. Indeed, hypercaro- 
tenemia, with or without xanthochromia, 
itself seemed surprisingly inconspicuous in 
our general run of diabetic patients as 
compared with miscellaneous hospital pa- 
tients whose blood we examined. 

In connection with these apparent dis- 
crepancies, 2 possibilities suggested them- 
selves: (1) That (a) the non-uniformity 
of diabetes, and (6) extradiabetic factors 
coming to be recognized as affecting avail- 
able vitamin A may have been too little 
recognized in attempts to generalize about 
the diabetic’s ability to handle vitamin A; 
and (2) that the metabolic status of dia- 
betics in general may have improved in 
this as in other respects with the progress 
of therapy since the term “xanthosis dia- 
betica”’ was introduced into the literature 
of the disease by Von Noorden.*® We, 
therefore, felt it worthwhile to accumulate 
a sufficient body of data for somewhat 
detailed analysis. 


, 1941-43. Present address, SAo Paulo, Brazil. 


Tt Present Address, Hoffmann -ia Roche, Inc. Nutley, N. J. 
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Method and Material. In the following 
study, levels of plasma carotene and vita- 
min A in 116 unselected diabetics from whom 
blood samples could be obtained before the 
beginning of hospital treatment, were scruti- 
nized and compared with our findings for 
healthy control subjects of both sexes. The 
admission blood sample in each case was 
taken as representative. Later analyses 
made during the hospital stay are considered 
only by way of illustrating possible effects of 
treatment or other factors of contributory 
interest. 

The chemical method which we used for 
determination of the vitamin A and carotene 
was the adaptation to plasma analysis of 
Dann and Evelyn’s method for assay of 
oils* previously described by one of us.’ 
Though the analytical procedure itself has 
been well standardized and individual re- 
sults proved closely reproducible, there are 
still differences among different laboratories 
in the ultimate standard by which the 
method has been calibrated for vitamin A, 
and in the choice of terms in which the 
results are expressed. Hence absolute figures 
for the vitamin must be judged quantita- 
tively, pending final translation, with refer- 
ence to the norms established in the inter- 
pretation of the photocolorimetric measure- 
ments. 

Males and females are considered sepa- 
rately throughout our discussion because of 
the widely observed sex difference in blood 
level of vitamin A*-!!.12,'6,18,21,23.26 Regardless 
of the reason for this difference, we believe 
that its ‘recognition is essential in estab- 
lishing significant deviations from the nor- 
mal status. 


Results. Preliminary Surveys of Data. 
The wide inter-ndividual variability in the 
plasma vitamin levels among diabetics as 
compared with our findings for normal 
individuals is striking. A scattergraph of 
the values for our diabetics and of our 
normal controls of the corresponding sex 
showed that all possible types of departure 
from the normal range in carotene, vita- 
min A or both occurred in the diabetic 
series. Unexpectedly, the most prominent 
trend among the diabetics was toward 
low levels of both vitamin and pro-vitamin, 
though patients were also observed with 
values outside the normal range in other 


directions. The problem then became one 
of looking into individual records to see 
if common denominators might be found 
to relate groups of patients with similar 
types of abnormality in their carotene: 
vitamin A picture. 

Final Grouping of Cases and Analysis of 
Data. When the patients were classified 
for group comparisons according to fac- 
tors relating to their diabetes, there was 
no correlation between observed plasma 
vitamin levels and such diabetic criteria 
as presence or degrees of ketosis, or in- 
creasing, decreasing or stable needs for 
insulin. It seemed more probable that 
any effect of the diabetes per se on the 
circulating vitamin supplies might well be 
overshadowed by factors not necessarily 
peculiar to the diabetic. On reviewing 
the individual histories the empirical 
scheme of case grouping shown in Table 1 
seemed logical, and became the basis for 
further surveys of the data. 

Individual data in our 116 diabetic cases 
are aligned according to this classification 
scheme in Table 2, where the wide range 
of blood vitamin A and carotene levels 
throughout the list is apparent, even with- 
in sub-groups. Our findings are summar- 
ized by groups in Table 3, where the 
average figures for normals are also given. 
In Figures 1A and 1B the data on carotene 
and vitamin A for both diabetics and 
normal controls from this laboratory* are 
plotted together on scatter diagrams in 
such a way that the diabetics and normals 
can be distinguished at a glance, and sub- 
groups among the diabetics can also be 
recognized. 

By direct graphic comparison, 49% of 
our male diabetics and 47 % of the females 
are found to have had vitamin A:carotene 
levels outside the extremes of the normal 
range when they entered the hospital. 
Several further generalizations can be 
made from simple visual inspection of the 
graphs: (1) Diabetics with “abnormal” 
vitamin A: carotene relationship are repre- 
sented in all 4 quadrants of the scatter- 
graphs. (2) The total diabetic scatter is 
skewed toward the left lower quadrant, 


* Reference 16 plus some additional unpublished data. 
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that is, in the direction of low levels of both 
vitamin and pro-vitamin. This trend is 
apparent for both sexes, but particularly 
for the males. (3) Symbols “1” and “2,” 
denoting cases with active infections, stand 
out in this left lower quadrant of the 
graphs, particularly for the males. (In- 
fections were twice as frequent among 
our maje diabetics as among females— 
Table 2.) (4) The tendency toward low 
plasma vitamin levels noted among cases 
with infection is also observed for the 
miscellaneous or unclassified group of male 
diabetics (symbol “0”). (5) DiaWetics 
with serious renal disease (symbol “X’’), 


TABLE 1.—CLASSIFICATION OF 116 DrtaBETIcs 


KIMBLE, GERMEK, SEVRINGHAUS: 


xanthochromia, with a plasma carotene 
level above 600 y %. Study of the indi- 
vidual records of these patients disclosed 
in 5 of the 9 factors not necessarily asso- 
ciated with diabetes that can contribute 
toward high levels of circulating carotene, 

e., history of prolonged high carotene 
intake (patients c, e and 7), or advanced 
renal disease (patients f and h, Table 5). 
One of these, patient 2, affords the single 
instance of low circulating vitamin A with 
markedly elevated carotene that we had 
expected from the theory of defective 
carotene conversion in diabetics to en- 
counter more often. 


ACCORDING TO FEATURES ASIDE From THEIR 


D1aBEeTES WitTH PosstIBLE BEARING ON CIRCULATING VITAMIN A AND CAROTENE 


No. cases 
— —~ Identifying 
Male Female group symbol 
27 30 Miscellaneous—unclassified 0 
23 11 Infected: 
Conditions frequent among diabetics . . <a 
ulcer, or osteo- 
myelitis further complicating 1 of these 
Miscellaneous infections ._ . 2 Combined in averaging 
Infected injuries; nose or throat, head, face, 
teeth; urinary; abscess 
8 12 Possibly vitamin A’ deficient: 
From exogenous causes . 3 
General malnutrition; low fat diet; “ malab- 
sorption (ex: pancreatitis) 
From endogenous causes ‘ —, Combined in averaging 
Faulty storage (ex: hemochromatosis) ; ex- 
cess use or destruction (ex: thy rotoxicosis) J 
1 Advanced renal disease. . ...... 
59 57 


though their number is small, are invari- 
ably represented in the right upper quad- 
rant of the graphs, showing higher than 
average plasma levels of vitamin and 
pro-vitamin. 

The trends mentioned in (2) through 
(5) are shown numerically in the figures 
of Table 4, giving the proportions of each 
class of diabetic found to be represented 
in different areas of the scattergraphs. 

Diabetic Carotenemia. Table 5 lists the 
9 patients in our diabetic series of 116 un- 
selected cases who on hospital admission 
showed frank carotenemia, 2. ¢., values ex- 
ceeding the highest levels in our control 
series for the given sex. In the majority 
of these the degree of carotenemia was 


well within the range of levels we have | 


seen produced by high carotene diets in 
non-diabetics. Only 1 patient showed 


Discussion. The relatively wide inter- 
individual variability in the levels of cir- 
culating carotene and vitamin A encoun- 
tered in a group of sick individuals as 
clinically diverse as unselected diabetics 
should not seem surprising, even in our 
present incomplete state of knowledge 
about metabolism of the vitamin. Wide 
variation also characterizes the few indi- 
vidual data for diabetics that we could 
glean from the literature.4..71.°3 Without 
need to seek a specific diabetic anomaly 
one can recognize in the histories of these 
patients many factors capable of disturb- 
ing the vitamin A and carotene levels: 

Factors that May Decrease Circulating 
Vitamin A and/or Carotene Levels. The 
effect on the plasma vitamin level of defi- 
cient exogenous vitamin supply, of condi- 
tions associated with defective absorption, 
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Fics. 1A and 1B.—Plasma vitamin A and carotene relationship in diabetics in comparison with 
normal controls of the same sex. Normal controls, ® Diabetics: Miscellaneous—unclassified, 0 
Infected cases, with: Conditions common in diabetes, 1; miscellaneous conditions, 2. Presumptively 


vitamin A deficient, through: Exogenous causes, 3; endogenous causes, 4. Nephritics, X———_-, 
Solid Coérdinates = average levels for normal controls. — —- —, Broken lines define distances of 


1, 2 and 3 std. deviations from averages. 
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and of liver disease need not be discussed _ bilities of fever and sepsis, and perhaps of 
here. Nor are these, of course, peculiar to acidosis, and low fat diet. 

the diabetic. Less generally realized in The association of lowered circulating 

this connection, perhaps, are the possi- vitamin A levels with factors of sepsis 


TABLE 3.—AGE AND PLasmMA ViITAMIN A AND CAROTENE AVERAGES OF DIABETICS BY 
SuB-GROUPS OF WORKING CLASSIFICATION (TABLE 1) 


Males Females 
Av. Av. Av. Av. Av. Av. 
No. Av. vit.A car. A/C No. Av. vit. A car. A/C 
Group and identifying symbol cases age (I.U. ratio cases age (1.U.%) (y%) ratio 
0 Miscellaneous, unclassified . . 12 34 10 27 
A-S and C-V, normotensive. . 9 55 es age ere 5 59 
All miscellaneous. . . . . 27 105 150 0.70 30 113 195 0.58 
1 Infections,commonindiabetes . 13 60 82 95 ae 3 65 60 78 
2 Infections, miscellaneous Par OS 36 78 124 " 8 28 75 192 
49 80 108 0.75 ll 38 71 161 0.44 
3 Possible vit. A deficiency: j 
7 30 101 271 7 54 88 208 
4 Possible vit. A deficiency: 
Endogenous ai we. Rigs 1 45 63 240 6 5 53 76 122 
Alldeficiencies ..... 8 32 94 232 0.40 12 53 83 172 0.48 
1 66 151 168 0.90 4 45 144 364 0.40 
Averages for normal controls . . 167 126 0.76 96 203 0.45 


TABLE 4.— DISTRIBUTION OF PLASMA VITAMIN A: CAROTENE LEVELS OF DIABETICS BY SUB-GROUPS 
(Percentages of Each Group Represented in Different Quadrants of the Scattergraphs) 


Males Females 
RUQ RLQ LLQ LU RU RLQ 
Low High High Low Low Hig Hi Low 
vitamin A vitamin A vitamin A vitamin A vitamin A vitamin A vitamin A vitamin A 
Low sOW ig High Low Low Hi 
Group symbol and type carotene carotene carotene carotene carotene carotene carotene carotene 
0 Miscellaneous (a) . . 50 8 17 25 18 55 18 9 
(b) ar 7 7 27 13 44 39 13 
2 (b) sitet 9 4 4 73 9 9 9 
4 (b) 11 56 67 8 25 


(a) Cases with abnormal vitamin levels. 
(6) All cases in this group. 


TasBLe 5.—Diasetics ABNORMALLY HicH PLasMA CAROTENE FouND IN UNSELECTED 
Series oF 116 Cases oN Hospitat ADMISSION 


Plasma 
Group and — “~ 
No. in Group No. Vit. A Carotene A/C 
this list (Table 2) Sex Age (1U.%) (W%) ratio Notes from clinical records 
a 0 18 M 53 108 334 0.32 Fairly recent diabetes, mod. severe; dehy- 
drated; weight loss 
b 3 4 M 17 118 372 0.32 Old diabetic, now in ketosis; markedly un- 
dernourished; rapid weight loss recently 
c 0 20 M 59 165 396 0.42 Old diabetes, severe; high vegetable, good fat 
diet, adhered to for years 
d 0 11 I 50 82 360 0.23 ry aN diabetes for several years; weight 
oss 
e 0 21 F 55 104 390 0.38 Recent diabetes, stable; bes nga high 
vegetable, liberal fat die 
f x 3s F 37 139 441 0.32 Old diabetes, not sieniaihe controlled; 
malignant nephrosclerosis with low urea 
clearance 
0 3 ha F 24 122 463 0.26 Old diabetes, not well controlled; chr. suscep- 
tibility to infections; hypodermic abscesses 
now 
h y a F 37 125 540 0.23 en diabetes; pneumonia; malig. nephro- 
sclerosis 
i 6.18 F 37 60 643 0.09 Old diabetes, severe, inadequately controlled; 


emaciated; diet mainly meat, v etable 
and fruits for long time; xanthochromia 
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and fever has been pointed out in patients 
with miscellaneous diseases.°"*: In acute 
infections the decrease in circulating vita- 
min also appears to be acute, and need 
not be looked upon as a sign of vitamin 
depletion. The temporary nature of the 
fall in blood vitamin levels with acute 
infections in children** appears also in 
the cases of adult diabetics listed as 
patients 1 through 5 in the Appendix here- 
with, who happened to develop acute in- 
fections while under our observation. The 
sharp drop in plasma vitamin A following 
onset of the febrile complication, with 
recovery in the level paralleling clinical 
recovery of the patients, could suggest 
augmented temporary use or destruction 
of the vitamin because of the infectious 
process. Another explanation might be, 
as Popper and Steigmann suggest,” in 
secondary hepatic changes which tempo- 
rarily inhibit release of the vitamin from 
the liver into the blood. Ellison and 
Moore” found that liver stores of vita- 
min A were not reduced in patients who 
had died of acute infections. 

The low blood vitamin levels that 
show up prominently among our diabetic 
patients with chronic infections common 
in this disease, on the other hand, can with 
confidence be taken to represent actual 
depletion of body stores of vitamin A. 
Moore’s vitamin A assays’® in the livers of 
patients who had died of various types 
of disease did not show low liver stores 
in diabetics as a class. On the other hand, 
depleted stores were the rule in septic 
diseases of chronic types including osteo- 
myelitis, cellulitis, carbuncles and septic 
arthritis. Our diabetics with similar infec- 
tions such as often complicate this dis- 
ease represent on the whole an older age 
range than the unclassified cases (Table 3). 
The low blood vitamin levels prominent 
in the whole infected group (symbols “1” 
and “2”) may reflect both the long-time 
effects of chronic disease and the im- 
mediate effect of febrile complications. 
Incidentally, A/C ratios in this group 
average close to those for our normal con- 
trols of the appropriate sex (Table 3). 


Cases 4 through 7 in the Appendix sug- 
gest that diabetic coma acts much like an 
acute infection in causing sharp but tempo- 
rary decrease in the levels of circulating 
vitamin A, though more evidence on the 
degree of reversibility of this effect is 
needed. In view of the profound dis- 
turbance in metabolism within the liver 
and kidneys. among other tissues, pro- 
voked by diabetic acidosis, it is not sur- 
prising that marked decreases in circulat- 
ing vitamin A should be seen in these 
patients, nor that these, according to some 
observations by Wendt,*® may not always 
be promptly reversed when insulin ther- 
apy is first made effective. 

Cases 8 and 9 in the Appendix suggest 
that an incidental possibility for rapid 
reduction of plasma vitamin A levels 
that could easily be overlooked in single 
determinations may lie in sudden shift 
to a low fat diet. These changes (and the 
others in the appended cases) are sig- 
nificantly larger than any _ short-time 
changes we have observed in following 
the plasma vitamin A of subjects on 
reasonably constant regimens. 

Factors That May Increase Circulating 
Vitamin A and/or Carotene Levels. Two 
possible factors aside from exaggerated 
intake need to be considered in this con- 
nection: hyperlipemia and renal disease, 
neither of which is peculiar to diabetics. 
Observations by Josephs suggest that in 
conditions with hyperlipemia the high con- 
centration of lipoids in the blood may 
retain large amounts of carotenoids in a 
non-utilizable state in the circulation. 
That no complete or simple explanation 
for the variable incidence of carotenemia 
in groups of diabetics could be hoped for 
in this factor, however, seemed clear early 
in our study. In unpublished experiments 
we had found that neither vitamin A nor 
carotene in the plasma was affected by 
frank lactescence after vitamin- and fat- 
rich meals. In preliminary studies on our 
diabetics, the smaller amounts of total 
fat in the plasma before meals was deter- 
mined gravimetrically without any evi- 
dence whatever of its correlation with total 
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carotenoids in the same plasma. Further 
lipoid studies of the ordinary types within 
our reach therefore did not seem promising. 

The elevated levels of vitamin A and/or 
carotene in the plasma of some patients 
with advanced renal disease again suggests 
a possible relationship with hyperlipemia, 
since in some forms of nephritis all of the 
lipoid constituents of the blood are said 
to be elevated.” Sporadic reports in the 
literature®:*.®2 of surprisingly high vita- 
min A levels in patients with nephritis 
are matched in our own laboratory records. 
These show that the highest levels we had 
encountered in any undosed individual 
were recorded and confirmed in a non- 
diabetic patient with nephritis. In this 
patient, as in 1 of our nephritic diabetics 
(patients X-1, F) and occasional other non- 
diabetic nephritics traced in our records, 
low levels of plasma vitamin A would 
have been anticipated either because of 
infectious processes, or dietary history. 
It would be interesting to know how often 
the factor of renal disease has been present 
in diabetics in whom elevated levels of 
vitamin A or carotene have been noted. 

The high levels of vitamin A in the blood 
stream of the nephritic are not necessarily 
inconsistent with the low liver stores in 
this disease reported by Moore"® and others 
quoted by him. Baumann, Foster and 
Moore? have shown that certain conditions 
which deplete the liver of its protein 
stores also interfere with the hepatic stor- 
age of vitamin A, presumably by reducing 
the liver constituent with which the vita- 
min is chemically associated. Loss of pro- 
tein from the body in certain forms of 
kidney disease might also reduce the pro- 
tein necessary to store vitamin A. This 
factor, with liberal vitamin A in the diet 
and possibly elevated blood fat, could con- 
tribute to the unexpectedly high plasma 
vitamin levels of the nephritic. 

The Concept of “ Diabetic Carotenemia.” 
There remain for further consideration 
certain individual cases of carotenemia 
among our diabetics (Cases a, 6, d, g, and 
the extreme condition in Case ¢ in Table 5) 


and the relatively small incidence of caro- 
tenemia in our series in comparison with 
other studies. One factor, poor nutri- 
tional status, not necessarily considered 
dominant in our original classification of 
the cases, was common to 4 of these 5 pa- 
tients, and could possibly be suspected in 
the fifth from her chronic susceptibility to 
infections. Inadequate nutrition in con- 
nection with poor carotene use also invites 
speculation from the observation that 
6 of the 8 diabetics in our entire series 
with plasma carotene: vitamin A outside 
the extreme of the normal range in the 
direction of high carotene:low vitamin A 
(right lower quadrant in the 2 scatter 
graphs) were in 1 of the groups judged 
nutritionally “deficient” in our original 
working classification. Patient 7, with the 
most extreme carotenemia and lowest A/C 
ratio in the series, had this feature in 
addition to a long-continued high carotene 
diet. 

The possible importance of general 
nutritional status in the ability to handle 
carotene normally was reinforced at this 
point in our study by the re-reading of 
Conner’s classical paper on carotenoid 
measurements.’ In his discussion he 
pointed out a prevalence of hypercaro- 
tenemia among certain non-diabetic groups 
—orphans and inmates of asylums—who 
were notably ill-nourished at the time of 
the first World War. This was evidently 
lost sight of in the search for explanation 
of the carotenemia seen among diabetics. 

The metabolism of carotene, in which 
the provitamin is broken down to yield 
vitamin A, may prove to involve a step- 
wise oxidative reaction, rather than simple 
splitting with hydration, often assumed.* 
This may be but 1 of many similar meta- 
bolic processes, perhaps all of them linked 
with the metabolism of carbohydrate, 
which can no longer be properly consum- 
mated when nutrition of the organism as 
a whole breaks down. While total starva- 
tion leads to exhaustion of stores and very 
low blood levels of both vitamin A and 
carotene, essential malnutrition in the 


* We are indebted to Dr. C. A. Baumann for this suggestion. 
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as time goes on, partly, it would be reason- 
able to suppose, as general malnutrition, 
deliberate or unavoidable, becomes cor- 
respondingly less frequent among diabetic 
patients. 


presence of continued intake of carotene- 
containing foods may result in carotene 
accumulation and vitamin A starvation 
such as we see in some diabetics. This 
picture seems to be growing less familiar 


Cases SHOWING PossIBLE EFrrect oF Speciric Factors ON PLASMA VITAMIN A 


Case 1. No. 120677, F,age 69. Mild diabetes, without ketosis, discovered on admission for cataract 
surgery. 15 units protamine insulin. 
Date Vitamin A Carotene A/C ratio Remarks 
3/2 132 70 1.9 
3/9 120 65 1.8 
3/12 Upper respiratory infection with fever 
3/16 99 59 1.7 
3/23 103 59 ie 
Case 2. No. 225588, F, age 62. Mild diabetes of long standing, with extensive sclerosis, gangrene, 


cellulitis, and minimal chronic sepsis. 


Date Vitamin A Carotene A/C ratio Remarks 
3/20 123 3.0 Febrile pyelonephritis dev. 
3/27 56 53 1.1 
4/3 102 48 2A Afebrile for 3 days 
Case 3. No. 207874, M, age 17. Moderately severe diabetes of long standing, admitted for dietary 
adjustment. 
Date Vitamin A Carotene A/C ratio Remarks 
1/26 100 
1/30 Developed acute tonsillitis; convales- 
cence very slow 
2/6 85 103 0.8 
2/13 78 89 0.9 
Case 4. No. 63364, M, age 65. Long-standing diabetes; admitted in bad condition for treatment 


of gangrene with osteomyelitis. 


Date Vitamin A Carotene A/C ratio Remarks 
5/16 47 10 4.7 Toxic, comatose 
5/19 Mid-thigh amputation, followed by 
septic temperature 
5/23 28 50 0.6 
5/30 48 91 05 
Case 5. No. 224948, F, age 17. Severe diabetes for 7 years, care inadequate. Healing excoriations. 
Date Vitamin A Carotene A/C ratio Remarks 
2/1 79 : 0.4 
2/7 81 216 0.4 
2/12 wid F Developed acute tonsillitis 
2/14 41 159 0.3 
2/23 104 106 1.0 
3/5 101 79 1.3 
3/16 96 115 0.8 Discharged; uncodperative 
4/15 54 81 0.7 Readmitted in coma 
Case 6. No. 96501, F, age 15. Diabetic 5 years. 


Date Vitamin A Carotene A/C ratio Remarks 
3/3 36 127 0.3 Acute cystitis; comatose 
3/10 133 211 0.6 After recovery from coma, but py- 
uria still present 
Case 7. No. 226263, F, age 13. Recent diabetes, poor state of nutrition. 
Date Vitamin A Carotene A/C ratio Remarks 
4/25 56 i78 0.3 Comatose 
5/2 112 246 0.5 After vigorous diabetic therapy 


Case 8.—No. 220696, F, age 63. Moderately severe diabetes of long standing, with arteriosclerosis 


and hypertension. 


Date Vitamin A Carotene A/C ratio Remarks 
12/5 148 138 Li 
12/11 Transferred to low fat diet 
12/18 96 225 0.4 
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Case 9. 
for cataract surgery. 
Date Vitamin A Carotene A/C ratio 
2/18 124 1.5 
2/28 97 113 0.9 
3/7 69 91 0.8 
Summary and Conclusions. Among 116 


unselected diabetics whose plasma vita- 
min A and carotene were determined by 
an assay method of proved dependability, 
all possible types of deviation from the 
normal range in vitamin A:carotene rela- 
tionship were observed. Values for one 
or both substances outside the normal 
range for the appropriate sex were found 
at hospital admission in the blood of 49% 
of the 59 males and 47 % of the 57 female 
patients. The predominant type of devia- 
tion in the series as a whole was low vita- 
min A:low carotene. This was particu- 
larly noticeable among older patients and 
patients with infection. Least prominent 
of any trend was that toward high caro- 
tene with deficient vitamin A that has been 
widely assumed to be characteristic in dia- 
betes, and has been rationalized as result- 


No. 225252, F, age 68. Mild diabetes, recent, with arteriosclerosis, hypertension; admitted 


Remarks 
Transferred to low fat diet 


ing from a defect in the diabetic organ- 
ism’s ability to derive vitamin A from its 
pro-vitamin, carotene. Relatively uncom- 
mon in our series, also, was so-called dia- 
betic carotenemia, considered without 
regard to accompanying vitamin A. 

When we scrutinize individual cases in 
the light of our present knowledge of 
factors that can alter vitamin A supplies, 
availability, reserves, use, and the re- 
sultant blood levels, it is evident that 
there is no type of aberrant blood picture 
found amor g our diabetics that cannot be 
justified by considerations not necessarily 
peculiar to the diabetic, especially if gen- 
eral nutritional failure (less frequent than 
it used to be among diabetics) is added 
as a possible cause for inefficient use of 
ingested carotene. 
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RECURRENT FATAL HEMOLYTIC ANEMIA ASSOCIATED WITH GROSS 
LIVER DAMAGE AND SPLENOMEGALY 


By R. S. Stacey, M.D. 


PROFESSOR OF THERAPEUTICS AND PHARMACOLOGY 
BAGHDAD 


(From the Royal Faculty of Medicine) 


THovuGH much has been done in recent 
years to explain the circumstances under 
which intravascular hemolysis occurs, this 
remains a confused corner of medicine. 
The following rare case is reported as it 
may be of assistance in filling in the pic- 
ture of this group of diseases. 


Case Report. The patient, a 30-year old 
Arab policeman stationed in Baghdad, was 
admitted to the Royal Hospital on July 20, 
1944, complaining of weakness and pallor 
for 1 month. There was no history sugges- 
tive of malaria, bilharziasis, dysentery or 
venereal disease, nor had he previously been 
jaundiced. He was married, his wife and 
3 children all being in good health; his wife 
had had no abortions. There was no history 
of jaundice in the family. During the last 
month he had noticed that he was becoming 
paler, losing strength, suffering from breath- 
lessness on slight exertion and from head- 
aches and attacks of giddiness. He was not 
aware of having had any hemorrhage and 
there had been no change in the color of his 
stools or urine. There was no pruritus. 

On examination he was found to be a well- 
built man, very pale, with puffiness of the 
face and slight edema of the feet. The 
sclera were icteric though this was not 
marked enough to have been previously 
noted by the patient. The liver edge was 
palpable 4 inch below the costal margin, 
being smooth and not tender. A hard smooth 
spleen could be felt extending 2 inches below 
the left costal margin. Temperature, 37° C.; 
pulse rate, 90; blood pressure, 118/60. After 
a week in hospital he discharged himself but 
was re-admitted 6 weeks later when he 
stated that shortly after leaving hospital he 
started to have bouts of fever which came at 
irregular intervals and were not associated 
with rigors or severe sweating. His strength 
had decreased progressively and his eyes 
had become more yellow. 

On re-admission, apart from an increase 
in pallor and jaundice, the findings on physi- 


cal examination were the same as at the 
time of his previous admission. Tempera- 
ture, 37.5° C.; pulse rate, 100. The urine 
contained bile pigments but no albumin, 
sugar or abnormal microscopic constituents. 
The stool was normal in color and on micro- 
scopic examination showed nothing abnor- 
mal. The serum gave a delayed direct van 
den Bergh reaction; the Wassermann reac- 
tion was negative. No malarial parasites 
were found in the blood films on repeated 
examination and a blood culture was sterile. 
The blood group was A. The fasting gastric 
juice contained no free HCl; after histamine, 
10 ml. N/10 HCl per 100 ml. The sternal 
bone marrow showed an intense normoblas- 
tic reaction. The blood findings are given 
in detail in Table 1, and in Figures 1 and 2. 
They are those of a gross normochromic, 
normocytic anemia. The red cells showed 
anisocytosis and polychromatophilia but no 
spherocytosis or macrocytosis. The white 
cell count and differential count were nor- 
mal. A red cell fragility test gave partial 
hemolysis in 0.45% and complete hemolysis 
in 0.36% sodium chloride solution. 

Course of Iliness (Fig. 1). Perhepar (5 ml.) 
was given intramuscularly twice weekly and 
a ferrous sulfate mixture. On Sept. 21, 1944, 
he was transfused with 500 ml. citrated 
Group A blood which had been cross-typed 
at room temperature and found to be com- 
patible. A mild reaction consisting of shiv- 
ering, rise in temperature and abdominal 
pain occurred towards the end of the trans- 
fusion. On September 28 a second transfu- 
sion of 500 ml. citrated blood was given 
from a different Group A donor who had 
been found to be suitable by cross-typing. 
After 100 ml. had been transfused there was 
a rigor, the temperature rose to 39° C., 
there was severe abdominal pain, vomiting 
and purgation. The typing and cross-typ- 
ing were checked and found to be correct. 
In the course of the next 48 hours the 
temperature settled to its original value but 
on the 5th day after the transfusion it rose 
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suddenly to 39.6° C. and remained high 
for 3 days, during which time the jaundice 
became much more intense, the urine became 
dark with bile, and the serum gave a strong 
immediate direct van den Bergh reaction. 
Reference to Figure 1 shows that the blood 
findings are such as would be produced by 
a brisk hemolysis. ; 

On September 10 blood was obtained from 
the patient and both donors and the follow- 
ing experiment carried out: 5 tubes were 
set up, 3 contained the patient’s serum, 
which had not been previously chilled, with, 
respectively, the patient’s red cells and the 
red cells of the 2 donors; and 2 contained 
the sera and red cells of the 2 donors. After 
incubation overnight, all the tubes contain- 
ing the patient’s serum showed complete 
hemolysis, while the tubes containing the 
donors’ sera showed none. 


pleural adhesions on both sides and some 
congestion of the base of the right lung. 
The heart was large and flabby and there 
were milk spots on its anterior surface. 
The abdominal cavity contained no free fluid. 
The, liver weighed 2700 gm., was soft, con- 
gested, bile-stained and showed fatty change. 
No obstruction was to be found in the 
biliary tract. The spleen weighed 1400 gm., 
was firm in consistency, dark in color, with 
slight perisplenitis. The kidneys showed 
cloudy swelling. The bladder, ureters, pros- 
tate, pancreas, adrenals and digestive tract 
showed no abnormalities. 

Histologic Examination (see Fig. 3). Liver. 
There is generalized cloudy swelling and 
gross fatty degeneration, the majority of the 
cells containing large fat globules. The 
degeneration is greatest in the center of the 
lobules. The sinusoids are dilated. The 
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Splenectomy was advised but refused, and 
treatment was continued with liver extract 
and iron. Aé first there was rapid improve- 
ment in both the anemia and the jaundice 
until, by the middle of October, a condition 
similar to that before the transfusion was 
reached. On November 1 the patient’s 
serum was again incubated with his own red 
cells and those of the same 2 donors; no 
hemolysis occurred in any of the tubes. Soon 
after this the red cell count and the hemo- 
globin started to fall, at first slowly and then 
more rapidly, being accompanied by an in- 
crease in the jaundice. Finally the patient 
died on November 21, when the red cells 
were below million per c.mm. 

Postmortem Examination. The cadaver 
was markedly jaundiced. There were small 


1,700,000 per c.mm. 
5.24 gm. per 100 ml. 
14.5% 

85 cu.u. 

36% 

31 yy 

15% 

10,500 per c.mm. 


7% 

4 per 100 WBC 

6.5 gm. per 100 ml. 
3.6 gm. per 100 ml. 
2.9 gm. per 100 ml. 


parenchyma is bile-stained and a few bile 
thrombi are to be found in the smaller ducts. 
The Kiipffer cells are hypertrophied and they 
and the liver cells contain much iron pigment. 

Spleen. There is marked thickening of the 
trabecule and generalized fibrosis replacing 
the reticulo-endothelial cells. In some areas 
the sinuses are packed with ghost-like eryth- 
rocytes and in others they are comparatively 
empty. The lymphoid tissue generally is 
greatly reduced in amount, the Malpighian 
corpuscles being practically unrecognizable. 
Hemosiderin is scattered irregularly through- 
out the tissue. There is hyaline degenera- 
tion of the vessel walls. 

Kidney. There is generalized cloudy 
swelling of the tubular epithelium. The 
tubules are dilated, some containing bile- 
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Fig. 1.—Temperature, red cell count, hemoglobin %, icteric index and treatment. X, 5 ml. perhepar 
injected. * 500 ml. blood transfusion. 
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Fia. 2.—Red cell distribution curve. Mean diameter, 7.3 u; standard deviation, 0.9 4; coefficient 
variation, 12.2%; mean thickness, 2.1 4; diameter-thickness ratio, 3.5 
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stained casts. There is no obvious conges- 
tion. The glomeruli are shrunken and cellu- 
lar and the capsular space is dilated but no 
red blood corpuscles are present in it. Ina 
few glomeruli the capsular space contains 
amorphous albuminous matter. There is no 
indication of any glomerular or interstitial 
nephritis and no proliferation of the cells of 
Bowman’s capsule. There is a heavy deposit 
of hemosiderin in the tubular cells and no 
proliferation of interstitial tissue. 

Bone Marrow. This shows marked normo- 
blastic hyperplasia and congestion. The 
sinuses are packed with ghost-like erythro- 
cytes. There is no obvious proliferation of 
leukoblastic elements. 


~ 


tive, nor to which subgroups they be- 
longed. There was, however, a gross degree 
of anemia before any transfusion had been 
given and the fatal hemolysis was not 
preceded by a transfusion. Rapid hemol- 
ysis started 12 days after the first transfu- 
sion and 5 days after the second. If the 
hemolysin found during this crisis had been 
due only to an incompatible transfusion 
it would probably have persisted'; instead 
it had disappeared 3 weeks later. Ac- 
quired intra-group incompatibility does 
not therefore alone explain this anemia 
nor the presence of the hemolysin. 


Fic. 3.—A, Spleen. Sinuses packed with ghost-like red cells. X 150. 
B, Liver. Sinuses empty. xX 150. ; 


Comment. ‘The case is one of hemolytic 
anemia accompanied by gross fatty de- 
generation of the liver and marked histo- 
logic changes in the spleen. No evidence 
of bacterial or protozoal infection could 
be found and enquiry failed to reveal con- 
tact with any hemolytic chemical sub- 
stance. The hemolytic process showed 
periods of exacerbation and remission. 
During a period of exacerbation hemoly- 
sins were demonstrable in the serum; dur- 
ing a period of remission they were not. 

One hemolytic crisis followed a trans- 
fusion and the possibility of intra-group 
incompatibility needs to be considered. 
It was not possible to determine whether 
the bloods used were Rh positive or nega- 


That the jaundice was partly toxic in 
origin was shown, during life, by the pres- 
ence of bile in large amounts in the urine 
and by the direct van den Bergh reaction. 
The histologic appearance of the liver 
explains its failure to excrete bile pigments. 

Farrar, Burnett and Steigman‘ report 
a case similar in many respects. The his- 
tory and course of the disease were similar 
and the blood picture only differed in that 
it showed some degree of macrocytosis. 
The descriptions of the liver and spleen 
correspond and a hemolysin was demon- 
strated in the serum. In this case the 
condition was aggravated by transfusion, 
the hemolysis and jaundice being so mark- 
ed 6 days after the first transfusion that 


aa 3 
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these were discontinued. This, together 
with the experience in the case described, 
suggests that transfusion may play some 
part in precipitating a hemolytic crisis. 
Splenectomy was followed by rapid and 
complete recovery. 

The relationship between the hemolysis 
and the liver damage needs further con- 
sideration. Was the liver damaged as a 
result of having to deal with the large 
quantities of the products of red cell 
destruction or was it damaged by the 
hemolysin or some other toxic substance 
in the circulation? Fatty degeneration of 
the liver may occur in hemolytic anemias?* 
but it is rarely extensive and there may 
be severe hemolysis, as in the hemoglobin- 
urias and in Lederer’s anemia, with little 
or no liver change. Two other pertinent 
cases have been found in the literature in 
which hemolysis was accompanied by a 
severe toxic hepatitis. In Lovibond’s case’ 
this was ascribed to a coincidental strepto- 
coccal septicemia, while in Ayer and Kam- 
mer’s case! of hemolytic anemia, caused 
by the transfusion of Rh positive blood 


into an Rh negative recipient, the condi- 
tion was thought to be due to an intercur- 
rent catarrhal jaundice. In the present 
case and that described by Farrar, Bur- 
nett and Steigman, the most likely expla- 
nation seems to be that the spleen was 
responsible for the formation of a hemoly- 
tic and hepatotoxic substance or sub- 
stances. Splenectomy offers the best 
chance of survival; and as in both cases 
transfusion was followed by a severe hem- 
olysis, this may be dangerous and the 
possibility of hemolysis occurring several 
days after the transfusion should be borne 
in mind. 

Summary. 1. A fatal case of recurring 
attacks of hemolytic anemia is described. 

2. During a hemolytic crisis hemolysins 
were demonstrable in the serum. 

3. The hemolytic process was accom- 
panied by a hepatitis. 

4. At postmortem gross fatty degenera- 
tion of the liver and splenomegaly with 
marked histologic changes in the spleen 
was found. 


I am indebted to Dr. Shawkat Zahawi of the Royal Faculty of Medicine, Baghdad, for the post- 
mortem report on the histologic preparations; and to the Department of Parasitology of the London 
School of Hygiene and Tropical Medicine for the photographs. 
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Ill. THE RELATION OF NITROGEN BALANCE AND BLOOD VOLUME TO 
ABNORMALITIES OF THE CIRCULATION* 


By R. L. Mayock, M.D. 
C. E. Koop, M.D. 
C. Px.D. 
N. T. Koucu 


AND 


Isaac Starr, M.D. 
PHILADELPHIA, PENNSYLVANIA 


(From the Hartzell Research Department of Therapeutics; the Harrison Department of Surgical 
Research, School of Medicine, University of Pennsylvania; and the Surgical Clinic 
of the Hospital of the University of Pennsylvania) 


IN previous communications”: several 
studies of convalescence after surgical 
operations were reported. After operation 
the resting circulation was often somewhat 
abnormal, and the circulation in the up- 
right position was usually grossly abnor- 
mal for a short time. In addition, tran- 
sient abnormalities in the response to mild 
exercise could be demonstrated after op- 
eration. Finally, while studies of nitrogen 
balance confirmed the finding that the 
body lost nitrogen in the convalescent 
period when the patient was on the usual 
postoperative routine, this loss of nitrogen 
could usually be prevented if the nitrogen 
and caloric intakes were kept high enough.® 

The present study was made possible 
by the development of a new and portable 
type of ballistocardiograph by Rawson, 
Hervey and Lilly.’ Two of these instru- 
ments, 1 for the horizontal and 1 for the 
vertical position, were installed in a room 
adjacent to the surgical ward. This im- 
provement in our equipment permitted us 
to test patients when their clinical condi- 
tion was poor, a type of study previously 
avoided because of the long trip necessary 
before the surgical patients reached the 
old stationary ballistocardiograph located 
at the medical end of the hospital. There- 
fore, the results reported in this study were 


obtained on a group of patients, most of 
whom were convalescing from operations 
far more serious than in the previous stud- 
ies."2-18 Abnormalities of the heart and 
circulation were found to be very much 
more common during convalescence from 
the more severe operations. 

Our studies of the circulation of these 
patients, together with knowledge of their 
nitrogen balance from the study which 
was running concurrently, made it pos- 
sible to answer the question whether the 
maintenance of a positive balance was 
accompanied by objective improvement 
in postoperative condition. We found 
that this was so. 

Also, estimates of the blood volume of 
many of our patients, performed by Dr. C. 
E. Koop, made it possible to study the 
relation of the blood volume to the form 
and size of the ballistocardiogram and 
to the cardiac output as calculated from it. 
We found a significant relation between 
blood volume and cardiac output and also 
between blood volume and the degree of 
abnormality of form of the ballistocardio- 
grams, 


New Apparatus and Its Use. Significant 
features of the new horizontal and vertical 
ballistocardiographs designed and construct- 


* The work described in this paper was done under a contract, recommended by the Committee 
on Medical Research, between the Office of Scientific Research and Development and the University 


of Pennsylvania. 
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ed by Rawson, Hervey and Lilly are shown 
in Figures 1 and 2. Lilly’s capacitance man- 
ometer’ was used to amplify the movements. 
The calibration was entirely linear. The 
advantages of these instruments over our 
old apparatus were: (1) they were portable, 
and (2) records could be taken without dark- 
ening the room. 


taken and the resulting deflections of the 
base line recorded the calibration on’ each 
ballistocardiogram. 

When the record was studied, the deflec- 
tion of the base line caused by the weight 
was determined and the measurement of the 
altitude of the ‘“‘I’’ and “J’’ waves was ad- 
justed accordingly. The ‘area’ method 
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Fic. 1.—A new ballistocardiograph with electrical amplification. This instrument was designed 
and constructed by A. J. Rawson, J. P. Hervey, and J. C. Lilly in the Johnson Research Foundation 
of the University of Pennsylvania. The electrical circuit has been described’. The new ballistocardio- 
graph consists of a table weighing 35 pounds constructed of duraluminum. This table is suspended 
from a tubular steel frame by a flexible ribbon of phosphorus bronze at each corner. The effective 
length of the suspension is 2.5 cm. at the head, 7.5 cm. at the foot of the table. The frame is provided 
with large swivel castors so that it can be readily moved. The castors can be raised so that the base 
rests on rigid steel legs while the ballistocardiograph is in operation. One leg is adjustable to compen- 
sate for irregularities of the floor. The moving table is rigidly connected with the condenser micrometer 
pick-up unit. Relative motion of the condenser plates changes the timing of a high frequency oscillator 
circuit whose output drives a General Electric Co. oscillograph. A Cambridge Instrument Company 
Electrocardiograph camera is used to record the ballistocardiograms. The over-all sensitivity is 
adjusted to give a deflection of 1 cm. for a force of 280 gm. The natural vibration frequency of the 
ballistocardiograph table, loaded with 150 pounds of rigid weight, is 11.8 per second. 

A vertical ballistocardiograph using the same method of recording was constructed also. Except 
for the new recording system its structure did not differ from the instrument described before'*. Its 
natural vibration frequency is 15.5 per second when supporting 150 pounds of rigid weight. 


The advantage of these new instruments are: 


(1) they are portable; (2) they can be used without 


darkening the room; (3) they are rugged and simple to operate. 


The procedure for taking records differed 
but little from that used on the older 
machines. About 15 minutes was required 
to warm up the tubes of the amplifier, and 
this was done while the subject was resting 
on the apparatus. 

When the instruments were made, the 
springs were adjusted until the deflection of 
the light spot for a given weight approxi- 
mated that used in the original ballistocardio- 
graph; but as the amplification was not 
always constant, a calibration had to be 
made for every record. We always added a 
known weight while the picture was being 


was used to calculate cardiac output. We 
no longer believe that the factor for aortic 
size, included in the original formula, is 
needed to calculate cardiac output. In this 
investigation we are concerned chiefly with 
the changes in cardiac output in single indi- 
viduals so that this factor cancels out and 
does not enter into the great majority of 
the results reported here. 

Procedure. The 67 patients were. all 
operated upon by members of the Surgical 
Services of the Hospital of the University of 
Pennsylvania. The anesthesia varied with 
the type of operation. Local, spinal, cyclo- 
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propane and ether were employed. Dihydro- 
beta-erythroidin was employed occasionally 
in 50 to 300 mg. doses because of its curare- 
like action. 

The operations performed can be divided 
into several groups: (1) 11 craniotomies, 
(2) 16 operations on the gall bladder and 
biliary tract, (3) 13 operations on the stom- 
ach for ulcer or carcinoma, (4) 14 operations 


followed by a ballistocardiogram. Those 
who could stand then arose and stood on 
the vertical instrument for 2 minutes, after 
which blood pressure and a ballistocardio- 
gram were again taken. 

To obtain a record as soon as possible 
after operation the patient was stopped on 
the way from the operating room, and a 
ballistocardiogram was taken in the hori- 


on the large bowel, chiefly resections and zontal position. Some patients were still 


' 2 3 4)(5 7 8 9 10 " 
To Frome Fine 


Connecting Rod 
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Fic. 2.—Condenser micrometer pick-up unit. The pick-up unit is mounted on the tubular steel 
base. The measuring springs (21 and 23) and moving condenser plate (4) are linked to the bed by a 
connecting rod fitted with stout lengths of } inch diameter phosphorus bronze rod at each end. These 
give sufficient transverse flexibility so that only longitudinal movements of the bed are transmitted to 
the condenser. Horizontal motion of the bed is restrained by the measuring springs (21 and 23). These 
are of such stiffness that a force of 280 gm. produces a movement of approximately 6 microns. The 
gap between the moving condenser plate (4) and the reference plate (5) is adjusted by changes in the 
coarse and fine adjusting knobs which work through the lever (12) and the stud (11) and deflect the 
springs (8 and 14). 

Since both condenser plates are mounted on disk springs, they always move parallel to each other. 
The reference plate (5) is spring mounted within the shield (16 and 18) so that excessive movement of 
either plate will not strain the insulator (19) and destroy the adjustment of the plates. 

The numbers refer to the following: (1) alignment screws, (2) measuring spring case, (3) and (22) 
measuring spring spacers, (4) moving condenser plate, (5) reference condenser plate, (6) condenser 
lead, (7) reference plate and spring case, (8)and(14) reference plate springs, (9) and (15) reference spring 
spacers; (10) reference spring clamp nut, (11) reference spring stud, (12) adjustment lever, (13) adjust- 
ing screw bracket, (16) and (18) reference condenser plate mount, (17) reference condenser mount 
spring, (19) reference condenser plate insulator, (20) insulator shell, (21) and (23) measuring springs. 


anastomoses, (5) 6 herniorrhaphies and (6) a 
miscellaneous group of 6, containing 1 each 
of the following: thyroidectomy for non- 
toxic goiter, exploratory thoracotomy for 
carcinoma, splenectomy, removal of renal 
calculus, excision of pancreatic cyst, and re- 
moval of functioning islet tumor of the 
pancreas. 

All patients were tested at least once before 
operation. After they had lain on the hori- 
zontal ballistocardiograph for 15 minutes, 
their blood pressure was taken and this was 


unconscious at this time, and none of them 
were asked to stand. 

Whenever the patients’ condition per- 
mitted it, they were tested 1, 2, 5 and 
10 days after operation, and just before dis- 
charge from the hospital. Most of the 
patients were unable to stand in the early 
postoperative period. In all, 393 ballisto- 
cardiograms were taken on 63 patients. 

In thé immediate postoperative period the 
nitrogen balance was studied in 36 of our 
patients by a team under the direction of 
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Dr. C. E. Koop and Dr. Cecilia Riegel. 
These tests ran for the first 5 days following 
operation, and the results will be described 
in detail elsewhere.® The figures recorded are 
for this 5 day period unless otherwise noted. 
The blood volume was estimated by the 
method of Gregerson,‘ as modified by Gibson 
and Evans,? and by Evans et al.,;' using 


is used only in the statistical sense of indi- 
cating that the probability is less than 5 in 
100, that the results obtained are due to 
chance. 


Results. Qn Abnormal Ballistic Forms 
Occurring After Operation. In our study 
of convalescence after herniorraphy™ the 


Fic. 3.—Ballistocardiograms before and after operation. Top 3 records of G. M., aged 48; before, 
6 days, and 15 days after an extensive bowel resection for carcinoma of the splenic flexure. Last 3 records 
of V. S., aged 36; before, 4 days, and 9 days after cholecystectomy. 


the blue dye T-1824. This was done in 34 of 
our cases before and 5 or 6 days after oper- 
ation. These determinations were made by 
Dr. C. E. Koop, who will report the results 
in more detail elsewhere.‘ 

A statistical analysis was performed on 
the data and significance was judged by the 
criteria of Fisher. As is usual with papers 
from this laboratory, the word significant 


form of the ballistocardiograms remained 
normal, and this permitted us to calculate 
the change in cardiac output due to the 
operation in every case. In the present 
study the situation was very different, 
for not only were the operations of a much 
more serious kind, but also the patient 
had often suffered from a prolonged illness 
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before operation. In addition, this study 
contained far more persons in the older 
age group than was the case in the previ- 
ous study. Probably as a result of these 
factors, abnormalities in the form of the 
ballistocardiogram were encountered fre- 
quently before and after operation. Fig- 
uré 3 gives 2 examples of the latter. 
Present knowledge does not permit the 
calculation of cardiac output from abnor- 
mal curves. 

The first step in the analysis of these 
records was to search for abnormal forms 
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the abnormal records of this group the 
“T” wave was always less than one- 
quarter the area of the “J” wave. 

In Grade 2 were placed records with 
complexes characterized by an abnormally 
small or disturbed “I” wave similar to 
that of Group 1, together with abnormali- 
ties of “J” also, the latter peak being 
flattened, notched or otherwise distorted. 
Figure 4 shows several examples. 

In Grade 3, judged the most severe, 
were placed records described before'! as of 
the late downstroke type and character- 


Wve 


NORMAL 
GRADE I A\m \ 
I I 
3 
GRADE II 


J 
GRADE II p~ 
Fia. 4. —aeomal and abnormal forms of the ballistocardiogram. All the forms drawn here were 
encountered in this study. 


and identify their type by help of calipers. 
In most records all of the abnormal com- 
plexes found were of the same type; in 
all records a single type predominated. 
Empirically, we set up the series of abnor- 
mal forms illustrated in Figure 4. In 
Grade 1, which we judged to be the least 
severe, were placed records showing an 
abnormal “I” wave. This wave was either 
distorted in form or abnormally small in 
relation to the size of the “J” wave. 
Normally the area of “I” averages about 
one-half that of “J,” and their time dura- 
tion on the base line is almost equal. In 


ized by a shallow rounded “I”, a broad 
low “J” with its peak well back in systole, 
and with a sharp JK downstroke the most 
conspicuous line on the record. An ex- 
ample is drawn in Figure 4. We encoun- 
tered only a few records of this type. 
The second step in the analysis of these 
records was to note the frequency of the 
abnormal complexes. In many records 
the form varied with respiration, the 
smaller complexes being abnormal, while 
the larger remained normal. In such 
records we assumed that the degree of 
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abnormality was proportional to the per- 
centage of abnormal complexes. 

A third criterion in judging the degree 
of abnormality was the amplitude of the 
record in terms of the calibration. In the 
normal records this is reflected in the 
estimation of cardiac output, but in these 
abnormal records this estimation was not 
attempted. Nevertheless, knowing by 
experience the amplitude to be expected 
in normal subjects we did not hesitate to 
judge unusually small complexes as ab- 
normal; and when, in a series of records 
on one subject, the amplitude diminished 
without an increase of rate, we judged 
that cardiac function was becoming more 
abnormal. 

Therefore, by means of these 3 criteria— 
frequency, type, and amplitude—we at- 
tempted to judge the degree of the abnor- 
mality of our patients, especially to 
ascertain whether they were improving or 
becoming worse. This was not difficult 
because the 3 criteria usually varied in 
the same direction. When the records 
of any patient were compared, it was 
usually an easy matter to decide whether 
he was improving or losing ground. We 
have recorded our decisions by dividing 
the patients with abnormal ballistocardio- 
grams into 3 classes according to the 
degree of abnormality, and these classes 
appear in the tables as Roman numerals. 
When the patient’s ballistocardiogram 
changed for the worse, we assigned it to a 
higher class. This method, we believe, 
recorded changes in 1 patient’s circulation 
with reasonable accuracy. To judge the 
relative degree of abnormality in 2 pa- 
tients whose records are different is a 
more difficult and uncertain matter unless 
the difference is very striking. The situa- 
tion is complicated by the multiple criteria 
of abnormality, and the form of abnormal 
ballistocardiograms varies so greatly that 
they cannot be divided into 3 uniform 
classes. Hence, under each of the 3 classes 
recorded in the tables, more than one type 
of abnormal record has been included. 

As these factors made it difficult to 
classify the records with exactitude, great 
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care was taken that unconscious bias di: 
not enter in. The records were presented 
to the senior author for reading in such a 
way that he knew nothing of the nature 
of the case under consideration. In this 
way they were classified without prejudice 
or preconceived ideas. 

In compiling Tables 1 and 2 the degree 
of abnormality was not considered, and 
the records were classified as normal or 
abnormal. Table 1 shows the frequency 
of the abnormal records before and after 
the different types of operations. It will 
be seen at once that, while the records of 
many patients are abnormal before opera- 
tion, this number doubles in the immediate 
postoperative period, to decline to less 
than the original number at discharge. 
Obviously in these seriously ill patients 
the effect of the operation is to produce 
a temporary abnormality which manifests 
itself by the abnormal ballistocardiogram. 
It should also be noticed that operations 
on the colon and biliary passages seem 
especially prone to produce transient bal- 
listic abnormalities after operation while 
the cranial operations produced only 1, a 
difference which is significant. 

In Table 2 the same data with additional 
cases from the miscellaneous group are 
classified according to age. Here it will 
be seen that the ballistic abnormalities 
present before operation were found chiefly 
in patients over 40 years of age and that 
it is largely in this group that they per- 
sisted until discharge. In the immediate 
postoperative period abnormalities may be 
found in all age groups. However, when 
only those cases that were normal before 
operation were considered, we were unable 
to demonstrate that age had an influence 
on the tendency to become abnormal 
after it. 

Effects of the Metabolic Condition on the 
Circulation. One of our chief objectives 
was to compare the condition of the 
patients who remained in nitrogen equilib- 
rium after operation with that of those 
whose balance became negative. There- 
fore, we asked ourselves whether the bal- 
listic form became abnormal more fre- 
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quently in the group in negative nitrogen 
balance. In Table 3 the data have been 
arranged according to the nitrogen bal- 
ance, and it will be seen at a glance that 
ballistic abnormalities occurred far more 
frequently after operation in the group 
whose balance was negative. This differ- 
ence is statistically significant. 


sion that nitrogen imbalance played a part 
could be safely drawn. We, therefore, 
resorted to the method of paired experi- 
ments. 

In pairing the data, first consideration 
was given to the type of operation. Cases 
falling into the miscellaneous group were 
not used, so both members of every pair 


TABLE 1.—FREQUENCY OF ABNORMAL FORMS OF THE BALLISTOCARDIOGRAM IN DIFFERENT 
TyYPEes OF OPERATION 


Time relation to operation 


Before 1 to 10 days after At discharge 
Type of operation Normal Abnormal. ‘Normal Abnormal Normal Abnormal 
6 7 1 12 7 6 
er 8 4 7 6 7 4 
9 2 8 3 10 1 
Oe ne 4 4 12 13 3 
areas 4 2 1 5 4 1 
OF 19 21 38 41 15 
TABLE 2.—FREQUENCY OF ABNORMAL FORMS OF THE BALLISTOCARDIOGRAM IN DIFFERENT 
AGE 
Time relation to operation 
Before 1 to 10 days after At discharge 
Age Normal Abnormal Normal Abnormal “Normal Abnormal 
1 0 1 0 1 
eet. tS 3 5 1 7 3 4 
2 9 2 9 2 9 
le 5 8 13 18 2 
1 8 5 1l 1 
ne cre 8 0 5 3 7 0 
ee ce 3 0 1 2 2 1 


However, a careful study of the problem 
made us hesitate to accept these results 
as proof of our point. Some of the cases, 
mostly those in the craniotomy group, 
had been handled differently from the 
others. They had been placed on a high 
nitrogen diet before operation to permit 
them to accumulate stores of nitrogen; 
after operation they drew on these stores 
but did not exhaust them in most instances 
and so remained in positive cumulative 
balance. The different types of operation 
also were not evenly distributed in the 
series. In addition, the group in positive 
nitrogen balance averaged a little younger 
than those in negative balance. Since the 
data in Tables 1 and 2 suggest that age 
and the type of operation are factors in 
the ballistic abnormalities, further analysis 
of the data was needed before the conclu- 


had had operations falling within one of the 
groups mentioned before. The second 
criterion was age, the pairs being arranged 
so that their ages were as close as possible. 
A third criterion—sex—was used in some 
cases, but it was considered less important 
than age and never sacrificed to it. By 
this means 17 pairs were obtained, their 
nitrogen balance being —135 and +114, 
+25 and +66, +18 and +52, +81 and 
+106, —50 and —43, —24 and +11, 
—48 and —16, —46 and —1, —46and —1, 
—38 and —31, —36 and +21, —9 and 0, 
—21 and +25, —13 and +40, —12 and 
—1, —12 and —3, —13 and +66. 

For each individual the effect of the 
operation on his ballistocardiogram was 
ascertained, and the result was scored as 
follows: If a patient’s record was normal 
before operation and became abnormal 


re 
lis 
ce 
ee 

d 
or 

er 
ill 
of 

a- 

te 
re, 
its 
ice 
sts 
m. 
yns 
2m 
al- 

ile 
,a 

al 
are 
vill 

ies 
fly 

lat 

er- 
ate 

be 

en 
ore 

ble 
nce 

nal 

the 
ives 

the 
ilib- 
108e 
ere- 
bal- 

fre- 


598 MAYOCK, KOOP, RIEGEL, KOUGH, STARR: 


Grade 1 after it, the score was recorded 
as —1l. If the form changed from normal 
to Grade 2, the score was —2. If a 
Grade 1 abnormality before operation was 
followed by Grade 2 after it, the score 
was — 1, etc. 


in better metabolic condition developed 
less ballistic abnormality after operation 
than did his mate. In only 2 pairs was 
the reverse true. In 4 pairs there was no 
difference. This result is not quite sig- 
nificant, but the chances are about 92 in 


TABLE 3.—DeEGREE OF BALLISTIC ABNORMALITY COMPARED WITH THE CUMULATIVE 
NITROGEN BALANCE 


Nitrogen 
balance, Type of 

gm. operation Age 
35 
+106* .. . . Colonic 45 
+ . . . . Gastric 48 
+ 66* . . . . Gastric 33 
+ 66* . ; Cranial 47 
+ 52* . . . Cranial 23 
+ 40 . Colonic 52 
+ 25 69 
+ 25* . . « Cranial 43 
+ 21 . . Gastric 55 
+ 11 44 
+ 0O 65 
Gastric 38 
— 1 Miscellaneous 27 
— 27 
— 12 . . Colonic 55 
— 12 . . « Colonic 48 
— 13 « 50 
32 
— 16 ; . . Cranial 47 
— 21 «, Gelenic 66 
— 24 « 47 
— 31 . . Gastric 49 
— 36 By 62 
— 46 ie 21 
— 46 44 
— 48 Mew 45 
— 50 19 
— 62 . . Cranial 42 
—135* . . . . Cranial 38 


I, II, III = Grade of abnormality. 


Form of ballistocardiogram 


Before After. On 


operation operation discharge 
Normal Normal Normal 
Normal I Normal 
II III Normal 
Normal Normal Normal 
Normal Normal Normal 
Normal Normal Normal 
III I 
Normal I Normal 
Normal Normal Normal 
Normal Normal Normal 
Normal Normal Normal 
Normal Normal Normal 
Normal Normal Normal 
I Normal Normal 
Normal Normal No test 
Normal Normal Normal 
Normal II Normal 
II III I 
I III II 
Normal III Normal 
III Normal Normal 
Normal III III 
I II Normal 
I III I 
I II Normal 
Normal Normal Normal 
No test III III 
Normal II I 
Normal I Normal 
Normal Normal Normal 
Normal Normal Normal 
Normal Normal Normal 
Normal II I 
II III III 
Normal I Normal 


* Patient was placed on a high nitrogen diet before operation, and the balance recorded is cumula- 


tive for 5 days before and 6 days after operation. 
tive for the first 6 days after operation onty. 


The nitrogen balance of 1 of each pair 
was naturally more positive than the 
other, and this difference was usually large. 
Therefore, to find the effect of the meta- 
bolic difference on the ballistocardiogram 
we subtracted the score of the patient in 
the better nitrogen balance from that of 
his more abnormal mate. The results 
were striking. In 10 pairs the individual 


In all other patients the nitrogen balance is cumula- 


100 that a poor metabolic condition is 
associated with the development of ballis- 
tocardiographic abnormalities after op- 
eration. 

Using the same pairs we asked ourselves 
whether the difference in metabolic condi- 
tion was reflected by any difference in the 
effect of the operation on pulse rate or 
blood pressure. The statistics were worked 
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out, and we were unable to demonstrate 
that the metabolic difference was asso- 
ciated with any significant difference in 
the behavior of pulse rate and blood pres- 
sure after operation. 

We also sought to test the condition of 
those in better nitrogen balance by com- 
paring the duration of hospital stay after 
operation in the pairs of cases mentioned 
above. On the average the patient in the 
better metabolic condition remained in the 
hospital 2 days less than his mate, but the 
data scattered widely, and this result is 
not significant. In studying this data we 
became aware that completely extraneous 
factors, such as the number of hospital 
beds available, had an effect on the dura- 
tion of the patient’s stay. 

Two of the patients paired died while 
in the hospital, and both were in worse 
metabolic condition than their mates. In 
1 case death followed a pulmonary embo- 
lus. In the other, tuberculosis of the 
cecum was present, and the course was 
progressively downhill. The number of 
deaths is too small to make the result 
significant. 

The surgeons in charge of these patients 
believed that those kept in positive nitro- 
gen balance did better than the others. A 
case supporting that viewpoint is given 
in detail below. 


B. W., aged 45, was operated upon twice 
for carcinoma of the colon. The results 
obtained in the horizontal position were all 
normal the day before the operation, the 
pulse rate being 69; the blood pressure, 124/ 
74; and the cardiac output —9%. On her 
return from the operating room after a 
Rankin obstructive resection of the trans- 
verse colon performed under spinal anes- 
thesia, despite the fact that she had received 
600 ce. of blood and saline while on the table, 
the blood pressure had fallen to 88/62; the 
pulse rate to 51, and the cardiac output to 
—26%. After operation the patient devel- 
oped a slight fever, maximum 101.6° F., 
which lasted 18 days. At the next test 6 days 
after operation, blood pressure, pulse, and 
cardiac output had returned to normal, but 
the form of the ballistocardiogram had be- 
come abnormal, the smaller “J” waves of 
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the respiratory cycle being flattened or 
notched and broader than normal. The 
form of the record returned to normal before 
the second operation, but probably because 
of the fever the cardiac output was elevated 
to +34% at this time. 

In anticipation of the second operation 
she was given large feedings for 5 days to 
build up her nitrogen stores. The colostomy 
was closed 17 days after it had been estab- 
lished. She stood this second operation 
better than she had the first, in spite of 
the fact that the resection was easily per- 
formed while the closure was long, tedious 
and traumatic. The pulse rate, blood pres- 
sure, and cardiac output were essentially 
unchanged after it, and the form of the bal- 
listocardiogram remained normal. How- 
ever, on the 6th day after the resection she 
was given 500 cc. of 6% gelatin intraven- 
ously as a preliminary to a tilt table test. 
She was placed on the ballistocardiograph 
3 hours after this test. At this time the 
abnormality of form noted after the first 
operation was found to have returned. This 
abnormality did not persist, and in 2 subse- 
quent tests before discharge all our findings 
were normal. 

It would appear that this patient with- 
stood the second of 2 comparable procedures 
better than the first. The second operation 
was performed after her nitrogen reserve had 
been built up while the first had not been 
preceded by any nutritional preparation. 


Further Studies by Means of Paired 
Observations. Needless to say, pairing the 
experiments in the manner described 
before does not dispose of all the variables. 
Indeed, since no 2 patients are ever 
exactly alike, the control of a clinical 
investigation is never ideal. We tried to 
answer other questions by making other 
pairs. 

We had data in 9 cases that had been 
fed large amounts before operation. We 
used only the postoperative nitrogen bal- 
ance in each case, neglecting the increased 
stores of nitrogen which had resulted from 
the extra feeding. Searching among the 
cases not fed extra amounts before opera- 
tion we selected 9, each of whose post- 
operative nitrogen balance agreed closely 
with 1 of the first 9. The closeness of the 
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agreement is shown by the following list, 
the figures being grams of nitrogen lost 
in the 5 day period after operation, the 
value found in the patients given extra 
food coming first: —68 and —62, —47 
and —46, —54 and —50, —34 and —31, 
—25 and —24, —24 and —21, —16 and 
—16, —12 and —13, —8 and —9. 

We then compared the effect of opera- 
tion on the circulation of each pair. In 
4 pairs the case given extra food before 
operation showed less abnormality after 
it than did his mate; in 1 pair the reverse 
was true; in 3 the effects of operation were 
similar. This fails to demonstrate that 
the cases given extra food before operation 
were significantly better, but the odds are 
about 3 out of 4 that it is so. 


age systolic blood pressure, unchangec 
early in convalescence, diminished slight]; 
in the late stages. Average cardiac output 
was never significantly different from the 
value found before operation. 

To our disappointment most of these 
patients could not stand, and many of 
these who could had so much tremor that 
the ballistocardiograms were worthless, so 
the few results we obtained in the standing 
position seem unworthy of record. 

Relation of Blood Volume to Circulation. 
Our figures for blood volume, calculated 
from plasma volume and hematocrit, were 
expressed as percentage deviation from 
the expected normal by means of the 
monogram given by Gibson and Evans.’ 
Our data must be divided into 2 parts. 


TABLE 4.—CHANGES IN CarpiAc Output, Putse Rate, anp Bioop Pressure Founp AFTER 
Serious OPERATION 


Return from op. room 


Mean o on Sig. Mean 


Pulse rate per min. . +20 18 34 Yes +10 12 
SystolicB.P.,.mm.Hg —11 19 35 Yes 0 17 
Diastolic B.P. ance 10 36 Yes +2 9 


Cardiac output, % of 
av. normal - . +11.3 35 18 No +6.3 15 


1 to 5 days postop. 


5 to 10 days postop. Before discharge 


= 


n Sig. Mean co on Sig. Mean o n Sig. 
42 Yes +7 13 54 Yes +4 12 37 Yes 


—, 


44 No —6 17 56 Yes —6 17 42 Yes 
43 No —1 8 56 No —1 10 41 No 
27 No —1.3 24 36 No —2.7 23 26 No 


The means given are averages of the differences between the values found before operation and the corresponding 
values found after it. Thus on returning from the operating room the pulse rate averaged 2U beats per minute faster 


than it had before operation. 


Postoperative Changes in Cardiac Output, 
Pulse Rate, and Blood Pressure. In the 
records of 44 patients the ballistic form 
remained normal, and from these we cal- 
culated cardiac output in the usual man- 
ner. The analysis of these data, as well 
as those concerning pulse and blood pres- 
sure, have been recorded in Table 4. 
This table provides a picture of the 
average reaction of the resting circulation 
to severe operative procedures. All these 
results were secured with the patients 
resting in the horizontal position. 

On return from the operating table the 
average pulse rate was significantly ele- 
vated, and average blood pressure was 
significantly diminished. The cardiac out- 
put varied widely; and although the aver- 
age showed an increase of 11%, its sig- 
nificance was not demonstrated. 

As convalescence proceeded, the average 
pulse declined towards normal, and aver- 


The relation between blood volume and 
cardiac output, as calculated from the 
normal ballistocardiograms, is illustrated 
in Figure 5. Using all the values obtained 
before and after operation, there is sig- 
nificant correlation between blood volume 
and cardiac output per minute, the cor- 
relation coefficient being 0.355 while any 
value over 0.29 is significant. On the other 
hand, the relation is obviously not a very 
close one, and in single persons a change 
in blood volume was often not followed 
by a corresponding change in cardiac out- 
put. 

Figure 6 shows the relation of blood 
volume to the abnormal ballistocardio- 
grams. The relation is quite striking, the 
most abnormal records occurring alto- 
gether in persons with small blood vol- 
umes. The mean of this group is sig- 
nificantly different from the other means. 

We investigated the relation between 
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Fia. 5.—Relation of blood volume to cardiac output. Both values are expressed as percentage devia- 
tions from the expected average normal for each subject. Line AB is the calculated regression y on x, 
its equation y = 0.107x + 25.06. Circles represent values obtained before operation, dots those secured 
after it. Values obtained on the same patient are connected by lines. 
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Fig. 6.—Relation of blood volume to the degree of abnormality of the form of ballistocardiograms. 
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plasma volume and also the hematocrit 
with certain aspects of the circulation 
mentioned above. The relation between 
plasma volume and the frequency of ab- 
normal ballistic forms just missed sig- 
nificance. 

Discussion. The main purpose of the 
investigation was to discover whether pa- 
tients whose stores of nitrogen were main- 
tained by special methods of feeding 
before or after operation were in reality 
in better condition than those who went 
into more negative nitrogen balance. 
The surgeons in charge obtained the clini- 
cal- impression that the patients given 
extra feedings were benefited. We sought 
to confirm this impression by objective 
evidence, and we believe that we have 
done so. 

Postoperative abnormalities of form of 
the ballistocardiogram occurred far more 
frequently in those in negative than in 
those in positive nitrogen balance, and 
this difference is significant. However, 
such factors, as age and type of operation, 
might have played a part in this result. 
When the data were arranged to eliminate 
these factors, we failed to demonstrate 
statistical significance, but the odds are 
still about 10 to 1 that the patients in 
better nitrogen balance were more normal. 
We doubt if many well-accepted clinical 
notions are better based. 

On the average the patients in better 
nitrogen balance stayed in the hospital a 
shorter time, and all survived to leave the 
hospital. Two of those in poorer meta- 
bolic condition died. Again neither of 
these differences is statistically significant, 
but added to the results mentioned, the 
evidence grows stronger. All our data 
support the clinical impression that those 
maintained in better metabolic condition 
were in better physical condition as well. 

In addition to this demonstration we 
have drawn a picture in Table 4 of the 
average condition of the circulation of 
patients after severe operation. Our 
principal finding, a rise of pulse rate after 
operation, is an old story to anyone accus- 
tomed to looking at the charts in a surgical 


ward. It may be of some value, however, 
to give the statistics of this well-known 
phenomenon. Otherwise there were few 
changes of importance. 

These results differ somewhat from those 


‘ we obtained after operations for hernia as 


the cardiac output was found to be de- 
pressed after operation in that group. The 
most probable reason for the difference 
was mentioned in our previous paper. 
Intravenous fluids were given in large 
amounts to the seriously ill patients in 
this study while they were rarely adminis- 
tered to the healthy persons subjected to 
herniorraphy. Intravenous fluids have 
been shown to support the circulation in 
the sick. The modern surgical routine 
of giving fluids intravenously during and 
after severe operations is upheld by our 
results, and the amount given to our 
patients can now be judged as satisfactory. 

Finally we have some interesting data 
on the relation of blood volume to the 
circulation, for there is positive correla- 
tion between blood volume and cardiac 
output per minute. This was found when 
the whole group was studied, and it is 
consistent with the view that the filling 
of the heart was improved by the increased 
amount of blood, as found in the closed 
circuit heart-lung preparation. When 
changes occurring in single patients are 
studied, this relationship is not always 
apparent. 

Equally interesting is the relation be- 
tween blood volume and abnormal ballistic 
form, for the most abnormal types of 
ballistocardiograms occur most frequently 
in patients with unusually small blood 
volumes. One wonders whether poor 
cardiac filling was not a factor in the pro- 
duction of this abnormality. That poor 
cardiac filling does cause abnormalities is 
shown by the fact that in many records 
obtained in persons with obvious heart 
disease abnormalities of form occur only 
in that part of the respiratory cycle where 
cardiac filling is poorest. In a few in- 
stances abnormalities of form have been 
produced in healthy persons by a maneu- 
ver which suddenly reduced cardiac filling. 
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The elusive relation between disease of 
the gall bladder and heart disease has 
again appeared in this study. In the 
10 cases of gall bladder disease proved at 
operation, 6 had cardiac outputs which 
were subnormal before they were operated 
upon when judged by our old normal 
standards. Indeed, the average of. the 
entire group is subnormal, —26% below 
average normal. The presence of obesity 
will account for this abnormal result in 
only 1 case. In addition, there was a 
strong tendency for these patients to de- 
velop ballistocardiograms with an abnor- 
mal form after operation (Table 1). 

Summary and Ccnclusicns. Ballisto- 
cardiograms and estimations of pulse rate 
and blood pressure were made on 63 pa- 
tients before and frequently after serious 
surgical procedures. Studies of nitrogen 
balance were made in 36 of these patients, 
and blood volume was estimated in 34. 


The changes in the circulation occurring 
during convalescence from severe opera- 
tions have been studied statistically. 

Patients kept in nitrogen balance by 
extra feeding exhibited less abnormality 
of the circulation after operation than 
those who went into negative nitrogen 
balance. This objective finding agreed 
with the clinical impression that the cases 
kept in nitrogen balance stood their opera- 
tions better. 

There was significant correlation be- 
tween the blood volume and cardiac output 
when the group was considered as a whole. 
Extremely abnormal ballistocardiograms 
occurred chiefly when the blood volume 
was small. 

Our cases of biliary tract disease showed 
a pronounced tendency to have subnormal 
circulations before operation and to dé 
velop abnormal ballistocardiograms after 
operation. 
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POSTURAL HEART BLOCK 


By Isapore Stern, M.D., D.IM. 


BROOKLYN, NEW YORK 


THE amount of literature pertaining to 
heart block in relation to varying positions 
of the body is not outstanding. Several 
treatises have recently appeared which 
discussed this subject, illustrated with 
cases of first or second degree heart 
block. A careful survey of the available 
medical journals failed to reveal any in- 
stance involving a third degree or complete 
heart block. 

We have recently cared for 2 patients, 
1 of whom demonstrated complete heart 
block while recumbent. In the sitting 
position this was converted to a first 
degree type. The other patient showed 
heart block secondary to digitalis medi- 
cation. While supine, dropped beats 
(second degree heart block) were present 
but disappeared when the patient as- 
sumed the upright posture. 

The first case is reported because of its 
rarity. Both patients present features 
illustrating the vagal character of some 
types of heart block. 


Case Reports. A Mexican, aged 19, felt 
perfectly well until 1943, when he began to 
have vague abdominal pain and lost much 
weight. He vomited frequently, but his 
bowels were regular. For the first time on 
Jan. 1, 1944, and then subsequently at ir- 
regular occasions, he had the sensation of 
“being paralyzed,” his wrists and legs 
seemed to be numb and both his hands con- 
tracted. These episodes lasted about 20 
minutes and disappeared spontaneously. He 
had been short of breath on moderate effort 
and occasionally had a “‘suffocating”’ feeling 
at night. There had never been any edema 
nor any orthopnea; occasional nocturia was 
noted. No history of rheumatic fever, 
diphtheria or hypertension was obtained. 
As a child he had scarlet fever. 

Examination on admission revealed an 
apprehensive patient not acutely ill. The 
findings were limited to the heart. The 
heart was not enlarged. Sounds were of 
fair quality, P2 greater than A2. There 


was a short, soft systolic murmur heard at 
the pulmonic area. The rhythm was regular. 
In the sitting position, the rate was 90 per 
minute; lying down the rate dropped to 
about 45 per minute. Electrocardiographic 
tracings taken in both these positions re- 
vealed that in the sitting position he had a 
first degree heart block (prolonged PR in- 
terval) while in the recumbent position he 
had a complete heart block (Fig. 1). This 
patient was observed during several of his 
“attacks.” At those times he was quite 
excited, but hyperventilation was not evi- 
dent. The lips were slightly cyanotic. Pulse 
was of fair quality and rate about 105 per 
minute. Carpopedal spasm was present. 
One of these attacks was relieved by adren- 
alin subcutaneously, and another stopped 
spontaneously before any medication could 
be given to him. Atropine, -'; gr., adminis- 
tered subcutaneously during one of the 
periods of complete block changed it to a 
first degree type (Fig. 2). Subsequently 
the complete heart block disappeared but 
a prolonged PR interval as long as 0.44 sec- 
ond persisted throughout his 4 months 
hospitalization. Fluoroscopic examination 
failed to reveal any cardiac chamber en- 
largement. 

Because of the patient’s complaints that 
he had lots of ‘“gas,’”’'a gall bladder series, 
gastro-intestinal studies and gastric analysis 
were performed, all of which were within 
normal limits. Attempts at hyperventila- 
tion failed to reproduce patient’s original 
symptoms. Sedimentation rate determina- 
tions were always within normal limits. 
His temperature was normal. Blood sugar 
was 104 mg. per 100 cc., blood calcium 10.7 
mg. per 100 cc., blood phosphorus 3 mg. per 
100 ec. During one “attack” the blood 
phosphorus was 5.6 mg. and blood calcium 
8.4 mg. Stool examinations were negative. 

The patient became asymptomatic on a 
moderately restricted physical program, but 
on discharge the first degree heart block 
persisted. It might be noted that despite 
the changing block there were never any 
symptoms suggestive of the Stokes-Adams 
syndrome. 
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Fie. 1: Case 1.—A, Recumbent position; complete heart block. B, Sitting position, first degree 
heart block (PR internal = 0.44 second.) 


Fic. 2. Case 1.—A, Recumbent position; complete heart block. B, Recumbent position; first degree 
heart block (PR interval = 0.44 second); after atropine gr.-'; subcutaneously. 


Fic. 3. Case 2.—A, Recumbent position; second degree heart block, digitalis effect. B, Sitting 
position; first degree heart block (PR interval = 0.24 second.) 


lig. 4. Case 2.—A, Recumbent position; first degree heart block (PR interval = 0.26 second). 
B, Recumbent potting following administration of full dose of atropine = PR 0.20 second. 
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Case 2. A 50 year old white male was 
first observed in October 1945 because of 
shortness of breath on effort, nocturnal 
dyspnea, and pain. in the right upper quad- 
rant, which he had had for a period of 
1 month before admission. Physical exam- 
ination revealed a chronically ill patient, 
looking older than his chronologic age, with 
a few fine rales at both bases, a gallop 
rhythm at the apex, an enlarged tender liver, 
and 1+ bilateral pitting pretibial edema. 
The electrocardiogram was abnormal. He 
was put to bed and digitalis therapy insti- 
tuted with very prompt improvement in 
his condition. He was discharged after 
2 weeks and he continued on a maintenance 
dose of digitalis as an out-patient. 

Subsequent examination on Dec. 6, 1945, 
revealed an irregular cardiac rhythm in that 
a beat was lost at irregular intervals. This 
was present while in the recumbent position. 
However, when sitting up the rate was more 
rapid and regular. There were no signs of 
decompensation. Electrocardiographic stud- 
ies revealed a prolongation of the PR inter- 
val, ST segment depression and in the re- 
cumbent position, irregularly dropped beats 
(second degree heart block). In the sitting 
position the second degree heart block dis- 
appeared but the prolonged duration of the 
PR interval persisted (Fig. 3). The admin- 
istration of full doses of atropine reduced 
the PR interval from 0.26 to 0.2 second 
(Fig. 4). These abnormal findings were due 
to digitalis. When the drug was discontin- 
ued the block disappeared. However, there 
were never any symptoms of overdigitaliza- 
tion noted. 


Discussion. Auriculo-ventricular heart 
block has customarily been viewed as 
being either on an organic or functional 
basis. If exercise or full doses of atropine 
caused the disappearance of the block, it 
was taken as evidence of vagotonia, and 
thus functional in character. Should the 
prolonged PR interval persist despite 
these measures the process was deemed 
to have an underlying organic basis. The 
latter were thought to be usually due to 
rheumatic fever, particularly in the 
younger age group, and to arteriosclerosis 
in the older. It has been conclusively 
demonstrated, however, that a definite 
vagal element exists in the A-V block of 
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early rheumatic fever as suggested «by 
Bruenn? and others.® 

On the other hand it cannot always, 
be assumed that when atropine medica- 
tion reverts the PR interval to normal, 
there does not exist a lesion at the 
myoneural junction, in the conduction 
system or in the heart muscle which is 
responsible for the*block. Carter and 
Dieuaide* described a case of recur- 
rent complete heart block in which the 
PR interval returned to normal with 
atropine, yet necropsy revealed a badly 
diseased bundle. 

The relation of heart block to changes 
in posture has received insufficient stress 
in the medical literature. Holmes and 
Weill* suggest that all cases of incomplete 
heart block be studied for postural evalua- 
tion. These writers presented 2 cases 
showing first and second degree heart 
block in the supine position. In both of 
these cases the block was abolished when 
the subjects assumed the upright posture. 

Previously Alexander and Bauerlein! 
noted a patient in whom heart block was 
observed in the supine position and dis- 
appeared when standing.  Clinostatic 
heart block was also observed by Poel’ 
who presented a case in which a change 
in posture from lying to standing changed 
the PR duration. He attributed this to 
vagal influence. Manning and Stewart’ 
during routine electrocardiographic stud- 
ies of Royal Canadian Air Force crew dis- 
covered 4 cases which showed significant 
heart block in the recumbent position, 
which disappeared when upright. In 1, 
the PR interval was 0.4 second in the 
supine position and 0.2 second when up- 
right. They assumed that it was a vagal 
phenomenon. Two unusual cases were 
studied by Miller and Perelman*® in which 
clinostatic incomplete A-V block was 
found accompanying auricular tachycar- 
dia. They explained the first on the 
basis of fatigue consequent upon the rapid 
rate and enhanced vagal tonicity. 

In both of our patients the evidence 
pointed toward vagal hyperactivity as 
underlying the heart block. Case 1 was 
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an individual emotionally unstable and 
with unmistakable evidence of autonomic 
nervous system imbalance. In Case 2 as 
mentioned previously the prolongation of 
the PR interval and the dropped beats 
were produced by digitalis. According 
to White® digitalis affects A-V conduc- 
tion, at least in part, by vagal stimulation. 
In our patient it may have been the entire 
story as the PR interval was reduced 
from 0.26 to 0.2 second (Fig. 4) following 
atropinization. It is to be noted that in 
Case 1 the auricular rate increased when 
the patient assumed the sitting position, 
while Case 2 showed no rise in rate in the 
upright position. 

It would therefore seem warranted in 
all instances of prolonged A—V conduction 
time to note any deviations produced by 
postural changes. The factors responsible 


are probably on the basis of a hypertonic 
state of the vagus nerves. 

Summary and Conclusions. 1. Two 
cases of postural deviations in the A-V 
conduction time are described. In the 
lst instance complete heart block was 
present in the recumbent attitude and 
lesser degrees of block when upright. 

2. The 2nd patient presented a second 
degree heart block while supine and a 
first degree in the standing position. The 
block was caused by digitalis. 

3. Because both showed reduction of 
the block in response to atropine, vagal 
action was assumed as responsible for the 
above findings. 

4. All patients with A-V conduction 
disturbances should be studied in several 
postures for more complete evaluation 
of the clinical and electrocardiographic 
pictures. 
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PULMONARY INFILTRATIONS WITH ASSOCIATED EOSINOPHILIA 


By Lr. Cou. Forrest Monroe M.C., A.U.S.* 
AND 


Mas. M.C., A.U.S.7 


In 1932 Léffler described the syndrome 
of transitory pulmonary infiltration asso- 
ciated with eosinophilia." By 1936 he 
had accumulated 51 cases which he re- 
ported. The main characteristic of 
these infiltrates was their sudden appear- 
ance and disappearance in 3 to 8 days. 
The associated eosinophilia averaged 10 
to 30%, but in some instances was over 
60%. Cases have been subsequently re- 
ported, however, in which the symptoms 
were more severe and the clinical course 
more chronic. The pulmonary infiltra- 
tions associated with these cases could be 
demonstrated roentgenologically for weeks 
or 

Léffler first thought the condition might 
be a benign form of tuberculosis. He 
later discarded this theory in favor of one 
that the eosinophilia was the expression 
of an anaphylactic process. Engel of 
Shanghai** was the first to provide sub- 
stantial evidence that pulmonary infil- 
trations associated with eosinophilia may 
occur on an allergic basis. A species of 
ligustrum, called privet, blooms in China 
during May and June. At this time large 
numbers of people have a type of bronchi- 
tis, commonly referred to as “privet 
cough.” Roentgenographically there is 
pulmonary infiltration, lasting 1 to 6 days, 
associated with eosinophilia of 20 to 25%. 
Maier, after reviewing 100 cases of transi- 
tory pulmonary infiltrations with blood 
eosinophilia, also came to the conclusion 
that they are allergic in nature.“ On the 
other hand, pulmonary infiltrations with 
eosinophilia have glso been described in 
association with trichinosis,“"* chronic 
brucellosis,* and amebiasis,’ and infesta- 
tion with necator," Fasciola hepatica,’ 


Ascaris lumbricoides, and Strongyloides 
stercoralis.' The differential diagnosis of 
pulmonary infiltrations with eosinophilia 
therefore entails the consideration of many 
factors. It is the purpose of this com- 
munication to emphasize another condi- 
tion in which pulmonary infiltration may 
be associated with moderate or marked 
eosinophilia. The occurrence of eosino- 
philia in coccidioidomycosis has been re- 
ported by others.?7:2° In the literature 
on the subject available to us, however, 
the eosinophilia has been slight, ranging 
from 5 to 18%. In a previous communi- 
cation,”° one of us reported a case of pul- 
monary coccidioidomycosis with 31% eo- 
sinophilia. We now wish to report 2 ad- 
ditional cases, 1 with 89% eosinophilia, 
and another with 27 %. 


Case Reports. Case 1. A 27 year old 
radio operator of Mexican extraction was 
admitted to the March Field Station Hospi- 
tal on Oct. 22, 1944, with a chief complaint 
of chills and fever of 36 hours duration. On 
October 19 the patient was flying a night 
mission. About 1 o’clock, October 20, he 
began having chills and fever associated 
with some headache and aching of the mus- 
cles, especially in the back. He had chills 
all that day and the next. On October 22 
he reported to sick call and was admitted 
to the hospital. There were no symptoms 
other than those stated above. 

In civilian life, the patient was a clerk 
working in an office in Los Angeles. There 
was no history of tuberculosis or allergy. In 
1942 he was operated on for what he stated 
was a “ruptured stomach ulcer.” 

The patient had been in the Army since 
Oct. 2, 1943. During that time he was at 
Air Bases in Denver, Colo.; Sioux Falls, 
S. D.; and Yuma, Ariz. He was at Lemoore 


* Instructor in Medicine, Stanford University, San Francisco, Calif. 
t Research Fellow in Medicine, New York Post Graduate Medical School, Columbia Univer- 


sity, New York. 
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Army Air Field, Lemoore, Calif., a known 
area of endemicity, from Sept. 22, 1944, to 
Oct. 9, 1944. He arrived at March Field 
Oct. 10, 1944. 

On admission to the hospital, patient’s 
temperature was 102° F. Physical exam- 
ination was essentia]!- negative. The chest 
was clear. There was a well-healed right. 
pararectus scar from his previous operation 
White blood cell count was 19,900 (57% 
neutrophils, 25% lymphocytes, 17% eosino- 
phils and 1% basophils). Red blood count 
was 4,950,000 with 15 gm. hemoglobin. 
Roentgenogram of the chest, blood Kahn 
and urinalysis were negative. 

The patient was started on 1 gm. sulfa- 
diazine orally every 4 hours. After 48 hours 
his temperature fell to normal and remained 
so for 24 days, at which time it rose to 
99.4° F. At this time, physical examination 
was again negative. A roentgenozram of 
the chest, taken Oct. 27, 1944, showed a 
diffuse granular density in the second, fourth 
and fifth left interspaces anteriorly. On 
October 29 the patient had 3 isolated pustu- 
lar lesions on his back, but otherwise looked 
and felt well. The initial symptoms had 
disappeared, and his temperature was nor- 
mal. White blood count at this time was 
32,109 (67% eosinophils, 19% lymphocytes 
and 14% neutrophils. Sulfadiazine was dis- 
continued and a search made for the cause 
of the marked eosinophilia. Eight stool 
examinations were negative for ova, para- 
sites and post-culture. Two blood azgglu- 
tinations for brucellosis were negative in all 
dilutions. Trichinella skin test was nega- 
tive. Several sputum examinations were 
negative for significant findings. Tubercu- 
lin (Purified Protein Derivative) was nega- 
tive in the first strength but 4+ in 48 hours 


' in the second strength. Coccidioidin skin 


test (1:100) was 2+ positive in 24 hours 
and 48 hours. 

A tentative clinical diagnosis of coccidi- 
oidomycosis was established, with eosino- 
philic leukemia and parasitism to be ruled 
out. 

On November 5, after having had a nor- 
mal temperature for 6 days, the patient 
had a fever of 100° F. He now had a pustu- 
lar lesion on his right leg similar to those 
on his back. The posterior cervical and left 
axillary lymph nodes were enlarged, firm, 
slightly tender, but discrete and movable. 
The liver and spleen were not enlarged. 
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The next day the patient had a chill 
with a fever of 102.6° F. and again the 
following afternoon. At this time the white 
blood count was 45,700 (89% eosinophils, 
6% neutrophils, 5% lymphocytes). Roent- 
genograms of the chest showed the previ- 
ously described infiltration in the left chest. 
In addition, there were small areas of infil- 
tration in the right fifth anterior interspace. 
On Nov. 8, 1944, the patient developed a 
pustular lesion on his scalp. Those present 
on his back were now dark red, firm and 
appzared to be infiltrating the surround- 
ing skin. 

To rule out the possibility of an eosino- 
philic leukemia, a sternal, bone marrow 
aspiration was done. The white blood count 
at this time was 49,650 (89% eosinophils, 
7% lymphocytes and 4% neutrophils). The 
bone marrow examination was done by 
Capt. D. T. Edmeades, Chief of Pathology 
Service, and was reported as follows: Dif- 
ferential bone marrow smear (600): eosino- 
phil percentages: segmented 37, staff cells 
34.2, metamyclocytes 5.3, myelocytes 3; 
nautrophil percentages: segmented 2.2, staff 
cells 3.6, metamyclocytes, 2.5, myelocytes 
0.3; premyeloeytes 2, myeloblasts 0.2, eosino- 
pailic normoblasts, 3.9, megaloblasts, 0.5, 
lymphocytes, 2.9, atypical lymphocytes, 1.1, 
undifferential small cells 1.6. 

There is marked eosinophilic proliferation 
and infiltration of the bone marrow. Pre- 
dominantly the cells are of the mature type 
with only 2.2% myeloblasts and premyelo- 
cytes. While the smear might be consistent 
with so-called chronic eosinophilic leukemia, 
these changes would also be seen in any dis- 
ease producing a marked stimulation of 
eosinophils. 

On Nov. 11, 1944, a biopsy of a lymph 
node and portion of a skin lesion was done. 
The pathologic report was as follows: lymph 
node: portions of the normal architecture 
are distorted due to the formation of pseudo- 
tubercles. Some of these show central casea- 
tion necrosis surrounded by epithelioid and 
reticulo-endothelial cells. In some of these 
areas there are spherical bodies measuring 
15 to 60 micra which take the basic stain 
and are probably calcified. In other areas 
the center of the tubercle contains many 
polymorphonuclear cells forming a small 
abscess. In still others there are 1 to 3 giant 
cells usually of the Langhans type. A rare 
giant cell contains a spherical body with a 
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doubly refractile cyst wall and occasionally 
with endospores which are typical of Coccidi- 
oides immitis. There is an increase in fibrous 
tissue about the tubercles and marked 
reticulo-endothelial proliferation which in 
some areas resembles Boeck’s sarcoid. Be- 
tween aggregations of tubercles there is 
marked infiltration of polymorphonuclear 
cells and a few monocytes and eosinophils. 

Skin: section is through skin with rather 
extensive micro-abscess formation in both 
the corium and the subcutaneous tissues. 
Surrounding these abscesses and extending 
along the sweat glands there is a neutrophilic, 
eosinophilic and lymphocytic infiltration. A 
rare spherical cyst containing endospores 
typical of C. immitis is seen. Deep in the 
infiltrate there is a rather marked hyper- 
plasia of reticulo-endothelial cells. Super- 
ficially, 1 of the small abscesses has rup- 
tured externally. The surrounding stratified 
squamous epithelium shows alternating areas 
of atrophy and hyperplastic rete pegs. There 
are accumulations of degenerating neutro- 
trophils between the stratum corneum and 
the granular layers. Rather marked para- 
keratosis is present. 

Diagnosis: Coccidioidomycosis, dissem- 
inated, lymph node and skin. 

Dr. C. E. Smith of Stanford University 
performed serologic examinations of the 
blood for coccidioidal infection. The report 
was as follows: Complement fixation tests: 
serial dilutions of serum (0.25 cc.): 1:2, 
1:4, +++4+; 1:8, +++4; 
1:16, ++++1:32, ++++4; 1:64, ++; 
1:128, 0; 1:256, 0. Precipitin tests: serial 
dilutions of antigen: undiluted, ++; 1:10, 
++; 1:40, ++; 1:100, 0. 

Conclusion: Coccidioidal infection with 
dissemination. 

The patient was started on a course of 
treatment using Ball Mill Coccidioides Vac- 
cine.* At this time the white blood count 


was 40,500 (76% eosinophils, 14% lympho- 
cytes, 10% neutrophils’. The sedimenta- 
tion rate (Wintrobe) was 34 mm./hour. 

The patient tolerated the vaccine well 
and showed definite clinical improvement. 
His temperature remained normal. Physi- 
cal examination of chest remained negative. 
On Dee. 17, 1944, a roentgenogram of the 
chest showed a definite reduction’ in the 
amount of infiltration in both lungs. The 
white blood count at this time was 15,150 
with a differential of 42% eosinophils, 30% 
lymphocytes, 26% neutrophils and 2% baso- 
phils. Sedimentation rate was 12 mm. ‘hour. 

By Jan. 2, 1945, all roentgenographic evi- 
dence of pulmonary infiltration had com- 
pletely disappeared. The white blood count 
was 10,150 (38% eosinophils, 37% lympho- 
cytes,- 25% neutrophils). Sedimentation 
rate was 32 mm./hour. A re-check serologic 
examination showed the following: Comple- 
ment fixation tests: 1:2, ++++; 1:4, 
1:32, ++++; 1:64, +++4+; 1:128, 
++++;1:256,++++. Precipitin tests: 
undiluted, 0; 1:10, 0; 1:40, 0; 1:100, 0. 

Conclusion: No significant change from 
previous examination. 

On Jan. 19, 1945, the patient was trans- 
ferred to another hospital for further con- 
valescence. At that time his chest was clear 
roentgenographically; the white blood count 
was 9750 with 20% eosinophils, 35% lym- 
phocytes, and 45% neutrophils. Sedimen- 
tation rate was 27 mm./hour. 

The patient was next seen at the March 
Field Station Hospital on July 28. He felt 
well, had gained weight, but ran an occa- 
sional elevation of temperature to 99.6° F. 
at 4 p.m. Roentgenogram of the chest was 
negative. Examination of the blood showed 
a white blood count of 7250 (6% eosinophils, 
45% lymphocytes, 48% neutrophils, 1% 
basophils). The red blood count was 


* Supplied by Dr. Charles E. Smith, Stanford University, California. The material is a ball mill 
grind of coccidioides mat in a liquid synthetic media in which the fungus has grown for 2 months. It 
contains aqueous merthiolate 1:10,000 and is purified by Berkefeld filtration 

To use the vaccine, one first skin tests with 0.1 cc. of 1:10, 1:100 and 1:1000 dilutions. Then select- 


ing the concentration which causes a moderate reaction (say 1 cm.), one injects that amount intra- 
muscularly. Two days later, if the local and systemic reactions have not been severe, the same dosage 
is injected intravenously. The usual initial dose is 0.1 cc. of a 1:100 dilution. Every 2 days another 
dose. double the preceding one, is given A slight fever or chill is no contraindication to continued 
treatment. Ifa marked reaction occurs the dosage should not be increased but held at the same level. 
When one reaches 1 cc. of any dilution, the next dose should be 0.1 cc. of the next lower dilution (e. g., 
1 ec. of 1:100 dilution followed by 0.1 cc. of 1:10, 1 cc. of 1:10 followed by 0.1 cc. of undiluted vaccine). 
The dosage is not increased beyond 2 cc. of undiluted material. A dosage at 1.5 to 2 cc. undiluted 
vaccine may be given twice weekly for 6 weeks. If further vaccine therapy is indicated the whole 
course is repeated. 
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4,710,000 with 15 gm. hemoglobin. The 
sedimentation rate was 20 mm./hour. A 
specimen was taken for serologic examina- 
tion. The report was as follows: Comple- 
ment fixation tests: 1:2, ++++; 1:4, 
++++; 1:8, 1:1, +444; 
1:32, ++++; 1:64, +; 1:128, 0; 1:256, 0. 
Precipitin tests: undiluted, 0; 1:10, 0; 1:40, 
0; 1:100, 0. 

Further follow-up examination on this 
patient has not been possible. 

Case 2. A 28 year old white male bom- 
bardier of Mexican extraction was admitted 
to the March Field Station Hospital on 
Aug. 20, 1945, with the complaint of fever 
and malaise of a few hours duration. He 
had noticed symptoms of a mild upper respi- 
ratory infection for the past 2 weeks, mani- 
fested by nasal congestion, slight sore throat, 
mild unproductive cough and anorexia. In 
the 12 hours preceding hospital admission 
he had noticed fever, weakness and slight 
substernal pain on coughing. 

On admission, he was found to have a 
temperature of 101° F., pulse 94 per minute 
and blood pressure was 125/75. There was 
a moderately injected pharynx; heart and 
lungs were clear on examination. The re- 
mainder of the physical examination was 
negative. Complete blood count: red blood 
cells, 4,800,000; hemoglobin, 14.2 gm.; white 
blood cells, 12,500 (75% neutrophils, 25% 
lymphocytes); Kahn negative; throat cul- 
ture, a light growth of alpha hemolytic strep- 
cocci; direct smear of the throat, a few 
gram-positive cocci in pairs. 

Roentgenogram of the chest taken Aug. 21, 
1945, was essentially negative. The clinical 
impression at that time was nasopharyngitis. 

His course was one of continued fever, and 
an annoying hacking unproductive cough. 
The physical examination remained essen- 
tially negative. 

On August 27, roentgenogram of the chest 
was reported as showing “‘rather heavy hilar 
markings and a probable increase in the size 
of the hilar nodes on the left. No definite 
parenchymal infiltration made out.” The 
white blood cell count on this date also 
showed the total cell count to be 16,000 
(57% neutrophils, 21% lymphocytes and 
22% eosinophils. The sedimentation rate 
was 26 mm./hour (Wintrobe) corrected. 
Several sputum examinations were found 
negative for significant organisms. A num- 
ber of blood agglutination tests were per- 


formed, including Widal and _heterophil 
agglutinations without significant findings. 
A blood culture was negative. Repeated 
stool examinations for ova and parasites as 
well as cultures were negative. Agglutina- 
tions for brucella were negative. 

On August 27 a skin test was done using 
coccidioidin in a dilution of 1:100. This 
was found to be positive in the course of 
36 hours. Sputum examinations, again 
made, were also found negative. Clinical 
impression at this time was pulmonary coc- 
cidioidomycosis. 

On September 8 a roentgenogram of the 
chest was reported as showing “ parenchymal 
infiltration in the left lung field at the level 
of the fourth and fifth intercostal spaces 
anteriorly, along with prominence of the 
mediastinal nodes on the left.””’ The sedi- 
mentation rate on this date was 32 mm./hour 
(Wintrobe) corrected. White blood cell 
count was 14,000 (59% neutrophils, 14% 
lymphocytes and 27% eosinophils). The 
patient continued to feel weak, had no appe- 
tite and ran a temperature from 100° F. 
to 101° F. Physical examination remained 
negative. 

Serologic examination of blood taken Sept. 
10, 1945 (performed by Dr. C. E. Smith of 
Stanford University Medical School) was 
reported as follows: 1:2, ++++; 1:4, 
+++; 1:8, +; 1:16, 0; 1:32, 0; 1:64, 0; 
1:128, 0; 1:256, 0. Precipitin tests: serial 
dilution of serum (0 to 25 ec.): undiluted, 
++44+;1:10,++++; 1:40, +;1:100, 0. 

Conclusion: Findings indicated a primary 
coccidioidal infection, well focalized. 

On September 15 the patient became 
afebrile, showed very marked subjective im- 
provement with increase in appetite, and a 
feeling of wellness. On this date the white 
blood cell count was 12,000 with 60% neu- 
trophils, 18% lymphocytes and 22% eosino- 
phils. The sedimentation rate was 32 mm./ 
hour (Wintrobe) corrected. 

On September 24 the chest roentgenogram 
showed definite regression and improvement 
of the parenchymal infiltration, and diminu- 
tion in the size of the hilar nodes. 

The remainder of the clinical course was 
uneventful. A chest roentgenogram on Oct. 
12, 1945, was reported essentially negative. 
On this date, also, the white blood cell count 
was 10,600 with 74% neutrophils, 24% lym- 
phocytes and 2% eosinophils. The sedi- 
mentation rate continued to decline, and 
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the patient was returned to duty after a 
total of 65 days of hospitalization. 


Discussion. In the 2 cases described, 
pulmonary infiltration lasted approxi- 
mately 67 days (Case 1) and 46 days 
(Case 2) respectively. Blood eosinophilia, 
likewise persisted for the same approxi- 
mate duration. We and others have seen 
cases in which the pulmonary infiltrations 


were of shorter duration, and in which the . 


eosinophilia was less pronounced.” Case 1 
is interesting because of the unusually 
high eosinophilia, and the seemingly fair 
chance of recovery from the disseminated 
form of coccidioidomycosis. 

It may be assumed that a considerable 
number of transient persons have either 


recently resided in or traveled through 
endemic areas for Coccidioides immitis. 
These persons could easily arrive at their 
destinations in non-endemic areas, and 
there develop the disease within the ac- 
cepted incubation time. It is also con- 
ceivable that some perplexity might arise 
concerning the diagnosis in those areas 
where the disease is seen infrequently. 
It is suggested, therefore, that the differ- 
ential diagnosis of pulmonary infiltrations 
with eosinophilia should include the pos- 
sibility of coccidioidomycosis. 

Summary. Two cases of coccidioido- 
mycosis are reported. Both cases demon- 
strated pulmonary infiltration with high 
blood eosinophil levels, 89 and 27 % respec- 
tively. 
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In the November 1944 issue of this 
Journal a review of recent literature on 
drugs used in clinical diagnosis was pre- 
sented. The analysis covered in particu- 
lar the more important American litera- 
ture during the past 10 years, and related 
chiefly to drugs used in the diagnosis of 
liver function, namely, bromsulphalein, 
benzoic acid, galactose, bilirubin, tyrosine, 
amino acids, azorubin-S, vitamin K and 
dextrose. The analysis of the literature 
has now been extended to include gastro- 
intestinal function, pancreatic function, 
the gall bladder, epilepsy, myasthenia 
gravis and pregnancy. This review forms 
the subject of the present report. 

GASTRO-INTESTINAL Function. WNeu- 
tral Red. The dye, aminodimethyl] tolu 
aminozene hydrochloride, was introduced 
as a test of gastric function in 1923 
Glaessner and Wittgenstein‘”). The test 
depends on the fact that some of this 
substance is excreted into the gastric 
contents after parenteral administration 
(Finkelstein,*® and in gastric dis- 
turbances, depending on the underlying 
disorder, its appearance is accelerated, 


delayed, or absent (Glaessner“). The 
basis of the method involves determining 
the time interval by frequent gastric aspi- 
rations. The method tests the excretory 
function of the parietal cells inasmuch 
as they selectively eliminate the dye (Mor- 
rison;’”” Morrison, Gardner and Reeves”*). 
This function is apparently distinct from 
that of acid secretion, as they frequently 
do not parallel each other either in the 
normal or abnormal stomach (Gillman,* 
Winkelstein™). 

In the original test a dose of 5 cc. of a 
1% solution (50 mg.) was injected intra- 
muscularly and gastric juice was collected 
every 2 minutes until the dye appeared. 
The normal standard was 15 to 20 min- 
utes. Its appearance sooner than 10 min- 
utes or later than 20 minutes was taken 
as abnormal.“*7 Several modifications 
have been introduced aimed at increasing 
the sensitiveness of the test. Various 
plans for taking gastric samples at inter- 
vals ranging from 4 to 5 minutes have 
been suggested (Gillman,* Olleros,™ Rob- 
ertson®) and administration of the drug 
has been changed to the intravenous 
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route.“:°8 The fact that the gastric 
mucosa, beside excreting this compound, 
concentrates it to a considerable degree, 
suggested still another modification;® the 
test dose (5 cc. of a 1% solution) was 
given intravenously and samples of gas- 
tric contents were taken at minute-inter- 
vals for the first 30 minutes. The degree 
of maximum concentration and the time 
taken to reach it, 2. e., the concentration 
time, were determined in addition to the 
excretion time, 7. e., time it takes for dye 
to appear following the injection. If dye 
excretion was abnormal at the end of 
30 minutes, 0.5 mg. of histamine acid 
phosphate was given subcutaneously and 
the test continued for a further 90 min- 
ute period. In individuals free of gastric 
dysfunction the average excretion time 
was 4 minutes and the average concentra- 
tion time was 14 minutes. The upper 
limits of normal were taken as 6°%* or 9% 
minutes for the former and 20 minutes*:** 
for the latter. Patients with chronic gas- 
tritis, gastric carcinoma and chronic dis- 
ease associated with gastric dysfunction, 
€. g., pernicious anemia, nephritis, liver 
disease, or severe clinical avitaminosis, 
displayed an absence or impairment of dye 
excretion and/or concentration.”:** In no 
case where there was an absence of dye 
excretion was an acid secreting response 
to histamine observed. In contrast, pa- 
tients with gastric or duodenal ulcer 
showed an acceleration of these functions 
and in some individuals the resultant 
excretion and concentration times were 
as brief as $ and 2 minutes respectively.” 

A combined test (neutral red, histamine 
and a test meal) was employed in indi- 
viduals exhibiting a 2 hour achlorhydria 
by the routine Rehfuss fractional method 
(Winkelstein’™). In 15 cases the dye ap- 
peared in the absence of free HCl. Each 
sample was acidified to bring out the red 
color of the dye. Since, in all instances, 
free HCl was subsequently demonstrated 
by more intensive methods (additional 
histamine, alcohol, oranges, etc.), the dye 
test appears to be more sensitive than 
histamine as an indicator of parietal cell 


function. In addition, when repeated in 
the same individual on different occasions 
relatively constant results were obtained 
while histamine produced wide varia- 
tions.“ The combined test is apparently 
more sensitive in the diagnosis of true 
achlorhydria than any previously em- 
Fourteen patients exhibited 
achlorhydria of unknown etiology in a 
study with this test. On gastroscopic 
examination all were found to have gas- 
tritis of either the atrophic, hypertrophic 
or mixed hypertrophic form. In an earlier 
gastroscopic study of 161 patients tested 
with neutral red it was noted that severe 
atrophic gastritis considered typical of 
pernicious anemia was associated with 
failure of dye excretion (Henning and 
Jiirgens®’). Those with histamine-resis- 
tant achlorhydria, but with less severe 
atrophic lesions, eliminated the dye. 

The fact that neutral red is excreted 
in tropical sprue with histamine-resistant 
achlorhydria, but not in pernicious ane- 
mia, has been applied in the differential 
diagnosis of these conditions (Olleros*). 
On occasion it has been found in the stom- 
ach contents of pernicious anemia patients 
(Cohen, Matzner and Gray”). In these 
cases it is the result of duodenal regurgita- 
tion of dye, for it has been shown to be 
excreted into the bile and duodenal se- 
cretion and by the entire small bowel, as 
well as in the gastric secretion (Piersol, 
Bockus and Bank®). This difficulty can 
be overcome with the use of a double 
gastroduodenal tube and continuous suc- 
tion (Bockus“). Beside its diagnostic 
value it has been suggested that the test 
might be used to gauge the progression 
of a gastric lesion or its recovery under 
therapy (Lourja”). This proposal has 
received little further evaluation since the 
Roentgen ray with an opaque meal serves 
the purpose so well. The test derives its 
greatest value from the fact that com- 
plete inability to excrete the dye is almost 
always indicative of gastric mucosal dam- 
age, and that total failure of dye excretion 
is usually preceded by readily recogniz- 
able disturbances in dye excretion. 
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Histamine. The use of histamine (beta- 
imidazolylethylamine) for testing gastric 
function is based on the fact that it is a 
maximal stimulant to the secretion of 
hydrochloric acid. Its application has 
made possible the study of the secretory 
response of the gastric glands uninfluenced 
by psychic factors. It has also made avail- 
able for study pure gastric juice uncon- 
taminated by a test meal which, however 
simple, produced physical and chemi- 
cal alterations through dilution and neu- 
tralization (Babkin*). The basis of the 
procedure involves performing gastric aspi- 
rations on a 12 hour fasted individual at 
10 or 15 minute intervals for 1 hour fol- 
lowing the hypodermic injection of a 
standard dose (0.1 mg. per 10 kg. of body 
weight) of the drug. The volume and 
acidity of the samples are determined. 
The normal response is prompt with maxi- 
mum acidity being attained in 20 to 
30 minutes. The procedure tests the acid 
secreting function of the parietal cells by 
direct stimulation. Atropine produces 
little or no alteration in response (Gray*®). 
There is apparently some lack of agree- 
ment as to whether it is also a stimulant 
to pepsin formation by the chief cells. 
There is 1 report which indicates that 
the secretory response to a second injec- 
tion of histamine given 60 to 90 minutes 
after the first is similar to that following 
the first and exhibits chief cell as well as 
parietal cell activity (Rivers, Osterberg 
and Vanzant*’). This test, using a second 
injection, does not determine, however, 
whether histamine stimulates pepsin pro- 
duction or only mechanically promotes 
elimination of preformed pepsin (Bucher 
and Ivy'*). The fact that the values for 
pepsin show no such correlation with 
histamine as do those for total chloride 
and HCl, and the not infrequent failure 
of pepsin concentration to rise above the 
fasting level after histamine, are further 
arguments’ against stimulation of the chief 
cell by this drug (Toby"*). Most observ- 
ers believe that histamine stimulates the 
parietal cell 

A modification of the histamine test 


was explored in an attempt to secure 
information regarding the maximal poten- 
tiality of acid and pepsin secretion of 
the gastric cells and their ability to main- 
tain increased secretory rates over longer 
periods of time. This double histamine 
test®’ is essentially a combination of the 
original 60 to 90 minute test, at the con- 
clusion of which a second dose of the drug 
similar to the first is given, and specimens 
are again collected at 10 or 15 minute 
intervals. The normal individual shows 
a rise in acidity which falls within 60 to 
90 minutes and rises again after the second 
injection. Patients with ulcer frequently 
exhibit a sustained high acidity curve 
throughout the entire test. 

The fact that an alkaline tide occurs in 
the urine when hydrochloric acid secretion 
is taking place, and is absent in achlor- 
hydria, has been made the basis of a 
gastric function test (Allen and Haft’). 
The method involves injecting 0.3 mg. of 
histamine acid phosphate subcutaneously 
and giving 500 cc. of water by mouth 
after a fasting specimen of urine has been 
voided. Five hourly urine specimens are 
obtained and their pH determined. An 
alkaline tide occurred in those with nor- 
mal gastric function while, with few ex- 
ceptions (severe renal damage, urinary 
infections, etc.), it was absent in cases of 
achlorhydria. 

The histamine test of gastric function 
has important limitations. The motor 
function of the stomach is not tested. It 
fails to give information concerning mu- 
cous and pepsin secretion,® and the range 
of normal acidity is so great that it 
becomes difficult to decide what value 
shall be taken to mean normal, hyper- 
or hypoacidity (Ruffin and Dick’). There 
are variations with sex in normal! and 
ulcer individuals (Brown and Rivers'*), 
and with age,’ the mean values being 
lower in females and in the elderly. While 
significant variations from control values 
occur in gastric carcinoma and pellagra, 
the more important information relates 
to the presence or absence of HCl, rather 
than the amount that is present. 
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In a recent study (Glenn**) the test was 
applied in an attempt to differentiate duo- 
denal ulcer from other conditions causing 
digestive disorders, 7. e., psychoneurosis, 
gastritis, etc. Attention was directed to 
both total acidity and total volume of 
gastric secretion. While differences for 
these values in the 2 groups occurred, the 
overlapping in distribution made the pro- 
cedure one of little value in the diagnosis 
of ulcer. The main reason for using hista- 
mine remains the demonstration of achlor- 
hydria.‘* However, spontaneous varia- 
tions in response to the drug do occur 
(Palmer, Kirsner and Nutter®) and a 
“histamine-proved” achlorhydria is not 
necessarily indicative of permanent ana- 
cidity (Schiff, 1938). 

Insulin. This substance, like histamine, 
is a stimulant to gastric secretory activity. 
However, its injection in the necessary 
dosage is followed by a strikingly different 
qualitative response. This fact has made 
it valuable as a diagnostic agent in the 
study of gastric function. The acidity of 
insulin stimulated gastric juice is only 
slightly lower than that obtained with 
histamine, and the total chloride concen- 
trations are nearly equal. In addition, 
the juice obtained with insulin stimulation 
has large amounts of mucous and pos- 
sesses considerable peptic activity.’ It 
becomes apparent, therefore, that insulin 
stimulates not only the parietal cells, but 
the other secretory elements of the gastric 
mucosa as well, 7. e., the peptic cells, the 
chief cells and the surface epithelium 
cells. The mechanism of its action, 
unlike histamine, is indirect. The hypo- 
glycemia produced by insulin in the neces- 
sary dose stimulates the vagal gastric 
secretory centers in the brain. From this 
point impulses are transmitted down the 
gastric secretory fibers of the vagus nerves 
to the gastric glands. The secretory 
response can be abolished by raising the 
blood sugar to normal levels with intra- 
venous glucose. The administration of 
atropine or section of the vagus nerve 
supply to the stomach will likewise pre- 
vent the response.* This latter observa- 


tion suggested that insulin hypoglycemia 
might be an excellent test for continuity 
of the vagus nerves (Babkin,° Hollander®). 
Recently, with the renewed interest in the 
supradiaphragmatic section of the vagus 
nerves for the treatment of gastric and 
duodenal ulcer, the test has been employed 
to determine if vagotomy was complete. 
The absence of a secretory response was 
found to be good evidence that the nerves 
had been completely sectioned (Thornton, 
Storer and Dragstedt;"” Dragstedt et al.*). 
An acid gastric juice response indicated 
that some fibers had been left intact.* 

Insulin stimulation gives information 
concerning the first, or vagal, phase of 
gastric secretion. A study of this vagal 
secretory mechanism is of value when 
considering surgery of the stomach or 
duodenum for peptic ulcer (Babkin*). In 
a recent study (Welin and Frisk™) the 
use of the double gastroduodenal tube 
with continuous suction of duodenal con- 
tents through 1 lumen and gastric content 
through the other provided practically 
pure gastric juice. ‘The samples were 
fractionated in 15 minute periods and, 
after 1 or 2 foreperiods, 20 units of insulin 
were injected intravenously and the test 
continued for 2 hours. In normal sub- 
jects there occurred a sudden and consid- 
erable increase in secretion within approxi- 
mately 3 hour following the injection. In 
those with low secretion rates it was 
delayed to 45 to 60 minutes. This aug- 
mented secretion was absent in achylia. 
The normal standard was taken as the 
secretion of 100 to 200 cc. in 60 minutes 
from the onset of response. Figures above 
and below these limits represented hyper- 
and hyposecretion respectively. Here, as 
after histamine, there is an overlapping 
distribution of values between normals 
and ulcer. 

Caffeine. This xanthine is a stimulant 
to gastric secretion in man when given by 
mouth or injected intravenously (Roth 
and Ivy'°). The gastric juice obtained 
in response to its administration is quali- 
tatively similar to that following hista- 
mine (Ihre®). Atropine does not alter 
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the acid response. The effect of supra- 
diaphragmatic vagal section upon the gas- 
tric secretory response to caffeine was 
studied in individuals undergoing this 
treatment for peptic ulcer. It was found 
that the response was as clearly defined 
after the operation as before and in general 
was less than that produced by histamine 
(Thornton, Storer and Dragstedt"”). 

The secretagogue response to a “caf- 
feine test meal”? was compared in normal 
subjects and in “peptic” ulcer patients 
(Roth, Ivy and Atkinson™). In this 
procedure the stomach is emptied of 
residuum and, after a 30 minute “basal”’ 
control period, the test meal (0.5 gm. of 
caffeine with sodium benzoate in 200 ce. 
of warm water) is introduced through the 
tube. The stomach is emptied 30 minutes 
later and at 10 minute intervals there- 
after for an additional 90 minutes. In 
normal and asymptomatic individuals, 
with the exception of those apparently 
having an ulcer predisposition, the total 
acidity output (volume times free and 
total acid concentration) returned to the 
control level within 60 to 80 minutes. 
Of 36 patients with “peptic” ulcer all 
but 1 consistently showed a prolonged 
secretory response. This type of curve 
was considered to be of diagnostic value 
inasmuch as there was little overlap in 
the response of normal and ulcer individ- 
uals, of the kind seen with alcohol and 
histamine. The mechanism of the pro- 
longed secretory response was considered 
to be due to the synergistic action of caf- 
feine with histamine which is thought to 
be liberated by patients with peptic ulcer. 
In a later study employing the same tech- 
nique with minor modifications, the pro- 
longed response was found in only 44% 
of 96 proved ulcer cases (Raimondi®). 
Further study of the response in ulcer 
patients, noting especially the effect of 
remissions, is necessary before the test 
can be granted definite diagnostic value. 

Priscol. Priscol, the proprietary name 
for 2-benzyl4,5-imidazoline hydrochloride, 
was introduced as a stimulant to gastric 
secretion in 1940 (Thiele; Stalder"). It 


apparently acts on the parietal cell since 
it evokes a response qualitatively similar 
to that of histamine. It is administered 
orally (50 to 100 cc. of a 1 to 2% solu- 
tion) or subcutaneously (10 mg.). It is 
more potent subcutaneously (Nasio*°) and 
its quantitative action is superior to caf- 
feine and slightly less than that of hista- 
mine. It apparently causes none of the 
side reactions occasionally seen with hista- 
mine. However, its failure to bring 
about maximum hydrochloric acid secre- 
tion makes it unreliable in the differential 
diagnosis of the achlorhydrias. 
Phenolphthalein. The use of this drug 
in a test to determine the presence of 
gastro-intestinal lesions was introduced in 
1938 by Woldman.'”” The method is based 
on the principle that a non-toxic substance 
which is not normally absorbed by the 
gastro-intestinal tract might, through any 
break in the mucosa, enter the circulation 
and be excreted in the urine.’ Phenol- 
phthalein was selected since it had been 
reported that after a small dose of the 
drug to normal individuals only the con- 
jugated form (which does not yield a color 
reaction with alkali) was present in the 
urine. Free phenolphthalein was gener- 
ally absent (Fantus and Dyniewicz*). 
The finding of free phenolphthalein (which 
yields a pink color on the addition of 
alkali) in the urine was taken to indicate 
a break in the mucous membrane of the 
gastro-intestinal tract. The procedure 
involves collecting the urine obtained at 
2 and 4 hour intervals after the adminis- 
tration of the test dose (10 cc. of a 1% 
alcoholic phenolphthalein solution) to a 
fasted individual and promptly testing it 
with 10% sodium hydroxide for free 
phenolphthalein. It was found positive 
in 34 of 35 patients with gastro-intestinal 
lesions and negative in 75 of 77 patients 
apparently free of such pathology. The 
test was thought to be valuable in differ- 
entiating between functional and organic 
disease, and in ruling out organic lesions 
of the gastro-intestinal tract in diseases 
producing digestive symptoms.”’ The 
reliability and value of the test were soon 
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questioned. The excretion of free phenol- 
phthalein in the urine was apparently not 
related to breaks in the gastro-intestinal 
mucosa, but to the urinary concentration 
of the conjugated form. Whenever this 
concentration rose above 5 mg. % in any 
one specimen, free phenolphthalein ap- 
peared (Steigmann and Dyniewicz""*). 
Other reports concerning the test’s inac- 
curacy soon appeared. Many false posi- 
tives occurred, particularly in individuals 
with blood dyscrasias or cardiovascular 
or infectious disease (Kremer, Shore and 
Wiesel®). Its results were inconstant 
when repeated in the same individual 
(Notkin, Kirsch and Albert®). It was 
ineffective in determining the presence or 
absence of tuberculous ulcers (Siltzbach 
and Nayer!) and gave variable results 
in experimentally produced ulcers (Slut- 
zky and Wilhelmj"°). In 1 study (Le Vine 
and Kirsner™) the “negative” error in 
those with gastro-intestinal disease was 
38% while the “positive” error in those 
apparently free of such pathology was 
46%. The test is obviously of no clinical 
value. 

Hydrochloric Acid. The observation 
that the introduction of hydrochloric acid 
into the empty stomach of ulcer patients 
will produce the typical epigastric distress 
of an active lesion has been made the basis 
of a diagnostic test for this disorder (Pal- 
mer®). The test is performed by empty- 
ing the stomach and introducing 200 ce. 
of 0.5% of the acid. If no pain occurs a 
second 200 cc. dose is given 30 minutes 
later and, if necessary, a third 200 cc. 
dose at the end of the hour. The patient 
is observed for 1} hours and the test is 
considered negative if typical ulcer dis- 
tress is not reproduced during this time. 
The test was usually positive in cases of 
gastric and duodenal ulcer and in certain 
cases of gastric carcinoma. It was nega- 
tive in all conditions not associated with 
an ulcerative lesion of the stomach or 
adjacent duodenum. A positive test was 
found to have greater diagnostic signifi- 
cance than a negative one. In a more 
recent study the test was modified to 


increase its objectivity (Rush'™). This 
procedure involved giving 200 cc. of 0.3“, 
HCl, emptying the stomach 15 minutes 
later and, after an additional 15 minutes, 
introducing 200 cc. of a 2% solution of 
sodium bicarbonate. The accuracy of 
the test was increased by the. fact that 
the patient was unaware of the expected 
characteristic response to each of the 
liquids in the presence of an ulcer. The 
procedure was found to be quite accurate 
in the differential diagnosis of ulcer from 
functional gastro-intestinal disturbances. 
The physiologic factors which lower 
intragastric acidity in man are of obvious 
clinical importance. This acid reduction 
is brought about by the neutralizing effect 
of mucous and duodenal juices, and by 
dilution by admixed substances. A quan- 
titative test has been devised to estimate 
the extent to which these factors are at 
work (Apperly and Cameron’). The 
method involves performing a fractional 
analysis using 250 cc. of 0.4% HCl as the 
test meal. The rate of reduction of acid 
concentration in the succeeding fractions 
was taken to be a measure of the rate of 
neutralization. It is the impression of 
several workers that this “acidity reduc- 
tion test,” as it is now known (Apperly 
and Cameron®), possesses greater diagnos- 
tic value than the routine fractional test 
meal, particularly since it produces more 
uniform results (Hollander and Penner). 
Fluorescein. This dye has been applied 
in a test for determining the viability of 
the bowel (Herrlin, Glasser and Lange;** 
Boyd and Lange”). It is non-toxic in 
the required doses. The technique in- 
volves the rapid intravenous injection of 
5 to 6 cc. of a 5% solution of fluorescein 
to which sodium bicarbonate has been 
added to make a 5% solution, while the 
questionable loop of bowel is observed 
under a dark purple light. The dye pro- 
duces a characteristic golden green illumi- 
nation of only those areas of bowel sufli- 
ciently supplied with blood. Areas which 
are out of circulation remain purple while 
the segments inadequately supplied show 
markedly diminished illumination. The 
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possibility that the marked changes noted 
in the bowel could to a great extent be 
due to prolonged reflex vasospasm sug- 
gested the use of a combined procaine 
and fluorescein test. A 2% solution of 
procaine hydrochloride in doses up to 
10 cc. was injected along the vessels 
leading to a strangulated loop. A return 
of normal color, peristalsis and fluores- 
cence indicated restoration of the circula- 
tion. A follow-up of patients subjected 
to this procedure has confirmed its value. 

Fluorescein is readily adsorbed onto 
ulcerated areas and develops a greenish 
fluorescent sheen. This observation was 
employed as an aid to gastroscopy. Ten 
ce. of a 1% solution introduced by tube 
produced a satisfactory fluorescence of 
ulceration over peptic ulcer and carcinoma 
(Robinson®). 

Barium Sulfate. The use of this opaque 
substance is standard in the roentgeno- 
logic examination of the alimentary tract. 
Various modifications of the usually em- 
ployed mixture and its mode of adminis- 
tration have recently been explored with 
a view toward increasing its diagnostic 
scope. An opaque meal modified by the 
addition of gum acacia, cocoa and sugar, 
in specified proportions, permitted the 
simultaneous demonstration of the internal 
gastric topography together with most of 
the gastric contour (Rendrichand Poppel®). 
It makes possible a study of the mucosa 
in a state of partial distention. In this 
respect it is superior to the double con- 
trast method which often produces dis- 
tention with ironing out of the rugal folds 
and diminution of mucosal relief. The 
modified opaque meal is especially useful 
in distinguishing between large benign 


. and malignant ulcers on the lesser curva- 


ture. It is also of value in the early 
diagnosis of gastric pathology, in which 
the earliest changes are usually found on 
the mucosal surface. 

In another study, after experimenting 
with various mixtures, it was found that 
a mixture containing 75 gm. of barium 
sulfate and 5 gm. of gum acacia in 2 quarts 
of water was most satisfactory in roent- 


genography of the colon (Poppel and 
Bercow”). Sufficient contrast was main- 
tained and there was adequate semitrans- 
parency to enable visualization of any 
normal or abnormal luminal contents. 
This thinner mixture was particularly 
valuable for study of the colonic flexures 
and sigmoid. It was possible to resolve 
component loops in cases of colonic redun- 
dancy with relative ease by this method. 
Polypi and obstructions were well out- 
lined and the thinner mixture occasionally 
filled diverticuli. When correlated with 
pathologic studies it was found that with 
this modified mixture the findings on 
Roentgen ray more nearly approximated 
the actual pathologic picture than did 
those with the routine thicker mixture. 

By introducing a thinner, more dilute 
barium mixture through a duodenal tube 
directly into the small intestine, a better 
morphologic study was obtained than with 
any other available method (Schatzki™). 
By observing the actual filling of the 
loops it was possible to judge better the 
extent and relationships of a lesion. 
Fistule and cicatrizing enteritis were fre- 
quently recognized as the barium spurted 
through the area of maximal narrowing. 
This method, using a fluid barium mixture, 
can be used to examine the ileocecal valve, 
cecum and ascending colon in instances 
where use of the barium enema is impos- 
sible or unsatisfactory. 

The gastric emptying time was recently 
determined in 69 healthy males by the 
frequent fluoroscopic visualization of the 
stomach after administration of a test 
meal of cooked cereal mixed with barium 
sulfate. The mean gastric emptying time 
was 2.13 hours. The extremes ranged 
from 1.5 to 3.3 hours. Despite the un- 
physiologic nature of barium, it was felt 
that this method was preferable to fre- 
quent aspirations of gastric contents 
(Van Liere and Northup"). 

Galactose. The speed of intestinal ab- 
sorption in man can be tested by the 
galactose tolerance test (Althausen?). The 
test depends on the fact that this sugar, 
which is normally not found in the blood, 
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is rapidly absorbed into the blood stream 
when taken by mouth. The principle of 
the test involves determining the amount 
present in the blood at various intervals 
following its administration. A dose of 
40 gm. of galactose in 400 cc. of water is 
given after an overnight fast and blood 
samples are tested quantitatively for gal- 
actose 30 and 60 minutes later. In nor- 
mals, the highest peak varies from 13 to 
30 mg. per 100 cc. Values below 10 and 
above 40 mg. were taken as abnormal. 
They were found to be greatly increased 
in hyperthyroidism and decreased in myx- 
edema and Addison’s disease. In another 
study the galactose absorption test was 
applied to various diseases in which im- 
paired absorption is suspected (Beams, 
Free and Glenn"). It was found to be 
subnormal in pellagra, non-tropical sprue, 
pernicious anemia and others. Galactose 
absorption also decreases with age (Meyer 
et al.). The significance of this procedure 
has been questioned as a test of absorp- 
tion since changes in blood concentration 
may be due to changes in utilization, 
storage and excretion (Miller). The test 
is of questionable value in the presence 
of liver disorders. Since galactose is 
metabolized exclusively by the liver, high 
blood values occurring in the presence of 
liver dysfunction are more apt to be due 
to deficient utilization than to increased 
absorption (Bockus"). 

Pancreatic Function. Secretin. This 
protein substance was isolated in pure 
crystalline form in 1933 (Agren*) and was 
soon thereafter applied as a method, of 
revealing the functional state of the pan- 
creas (Agren and Lagerléf;* Agren, Lager- 
l6f and Berglund’). The basis of the 
method involves the maximal stimulation 
of the external secretory mechanism of 
the pancreas and the quantitative study 
of its response (Diamond and Siegel”). 
The total amount of pancreatic juice, the 
bicarbonate content and the content of 
amylase, trypsin and lipase are determined 
for the normal individual, and deviation 
from the normal serves as a means of 
detecting disorder of the pancreas. In 


performing the test a dose of 0.75 mg. of 
pure secretin per kg. is injected intraven- 
ously. A double-lumen tube with one 
end in the duodenum and another about 
10 inches higher in the stomach serves 
for the collection of specimens during a 
period of 1 hour after the injection. The 
curve of increased secretion rises to a 
peak in about 10 minutes and falls off 
gradually to the basal level in about 
80 minutes. Simultaneous with the rise 
in volume of secretion there is a fall in 
the concentration of the enzymes; secretin 
has little or no influence on the secre- 
tory activity of the gland with respect 
to enzymes. 

In the majority of instances the devia- 
tions from the normal apparently assume 
1 or the other of 2 characteristic patterns 
(Lagerléf,®® Comfort”). In the first type 
there is a hyposecretion of amylase with- 
out disturbances in secretion of the other 
components of the juice. This dissociated 
response is usually obtained in acute pan- 
creatitis. However, it does not appear 
until at least 6 days after the onset of the 
illness. The secretin test cannot, there- 
fore, be substituted for blood and urinary 
enzyme determinations in the early diag- 
nosis of this disorder. The second type 
exhibits a non-dissociated impairment of 
function. There is a smaller response 
with respect to the volume of secretion 
as well as its enzyme and bicarbonate con- 
tent. The bicarbonate fraction is least 
affected while the secretion of enzymes 
may vary considerably depending on the 
amount of tissue destruction and the 
degree of duct obstruction. This type of 
response is usually observed in carcinoma 
or fibrosis of the pancreas,” in chronic 
pancreatitis,®> and in pancreatic duct ob- 
struction.” In this last disorder the vol- 
ume response is negligible.2® If trypsin 
is absent it can be assumed that exclusion 
of the external pancreatic function is 
complete.5 There is some indication that 
the amount of bicarbonate secreted dur- 
ing a test period serves as a more sensitive 
indicator of pancreatic dysfunction than 
does the enzyme content. 
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The secretin test has yielded inconstant 
results in pancreatic carcinoma. In 1 re- 
port of 5 proved cases, the volume, alka- 
linity, and concentration of enzymes in 
the stimulated secretion were greatly re- 
duced in all (Pratt®), while in another 
study several cases yielded normal values.®® 
The response to secretin is apparently 
determined by the location of the malig- 
nant process in the organ (Pollard, Miller 
and Brewer®’). Abnormal values were 
obtained when the lesion occurred in the 
head of the pancreas and normal values 
when located elsewhere. 

In pancreatic fibrosis secretin fails to 
stimulate pancreatic flow (Maddock, Far- 
ber and Schwachman;” Philipsborn et 
al.*"). significant volume response, 
therefore, rules out pancreatic fibrosis re- 
gardless of how little enzyme activity is 
found on duodenal drainage.*’ The di- 
minished volume and trypsin response in 
pancreatic fibrocystic disease differentiates 
it from chronic nutritional disturbances 
and celiac disease.”:*’ In steatorrhea the 
lipase response is deficient thus differen- 
tiating pancreatic steatorrhea from sprue 
(Diamond, Siegel and Myerson*®). 

The secretin test serves as a means of 
testing pancreatic involvement in cases of 
gall bladder and liver disease.” 

Acetyl-beta-methylcholine Chloride. The 
use of this drug (mecholyl chloride of 
commerce) for testing pancreatic function 
is based on the fact that it is a stimulant 
to pancreatic enzyme secretion. In con- 
trast to secretin which tests the humoral 
mechanism, this substance explores the 
vagal mechanism of pancreatic secretion™ 
(Comfort and Osterberg™). A subcutane- 
ous dose of 15 mg. of acetyl-beta-methyl- 
choline chloride provokes a secretory re- 
sponse characterized by a small increase 
in volume, no significant change in hydro- 
gen ion concentration, and a prolonged 
increase in the concentration of enzymes. 
The procedure is carried out in a manner 
similar to the secretin test. In acute 
pancreatitis the characteristic dissociated 
response which followed secretin stimula- 
tion is also seen after stimulation with 


acetyl-beta-methylcholine chloride. With 
pancreatic tissue destruction and pan- 
creatic duct obstruction there occurs a 
drop in both volume and enzymes to below 
the normal range. The chief value of this 
drug in pancreatic study is that it permits 
a more complete study of enzyme secre- 
tion than is possible with secretin. 

Acetyl-beta-methylcholine chloride com- 
bined with secretin or eserine sulfate may 
produce changes in the serum enzymes that 
are dependent on the state of the pancreas. 
This fact has been applied as a means of 
evaluating pancreatic function (Popper 
and Necheles;*! Popper, Olson and Nech- 
eles”). A combination of acetyl-beta- 
methylcholine chloride and eserine sulfate 
injected subcutaneously into the experi- 
mental animal produced a rise in serum 
amylase and lipase in the presence of a 
normal pancreas, but not if the gland was 
atrophic.*! When acetyl-beta-methylcho- 
line chloride and secretin were used as the 
stimulant there was no change in serum 
enzyme levels in the normal animal, but a 
rise in serum lipase occurred with obstruc- 
tion of the pancreatic duct. The sug- 
gestion is made that the latter test might 
be successfully applied to human subjects 
for the diagnosis of such disorders as func- 
tional insufficiency, chronic pancreatitis 
or pancreatic fibrosis. 

Biapper Function.  Secretin. 
The gall bladder normally stores the bile 
secreted by the liver with the result that 
duodenal juice may be collected sub- 
stantially free of liver bile. If the gall 
bladder fails to function, bile contami- 
nates the duodenal (pancreatic) juice. 
This has been made the basis of a test 
for gall bladder function (Diamond, Siegel 
and Myerson*). A tube is inserted into 
the duodenum and samples of juice are 
collected at 10 and 20 minute periods for 
80 minutes after an intravenous dose of 
secretin which causes a discharge of bile 
from the liver (60 to 80 cc.). The samples 
are tested for bile by the icteric index 
method. In the normal, the samples 
become free of bile 5 to 10 minutes after 
the injection, in common duct obstruction 
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they remain free of bile, in a non-function- 
ing gall bladder they remain strongly 
contaminated with bile. This test may 
help to establish the presence of a normal 
gall bladder when the failure to concen- 
trate dye may suggest a pathologic organ. 

Magnesium Sulfate. In the diagnosis 
of gall bladder disease it is often necessary 
to stimulate the gall bladder to contract 
and study the ability of the gall bladder 
to empty. Magnesium sulfate in a dose 
of 30 cc. of a saturated solution causes 
the gall bladder to contract and the 
sphincter of Oddi to relax. The effect is 
similar to that of egg yolk but is less 
marked. The mechanism of this action 
(Boyden, Bergh and Layne") is probably 
hormonal, the magnesium sulfate being 
absorbed, causing the formation of a 
cholecystokinin-like substance. 

Sodium Phenoltetraiodophthalein. This 
substance (iso-iodeikon of commerce) is 
a cholecystographic agent. It is preferred 
to sodium tetraiodophenolphthalein for in- 
travenous use (Graham, 1930) because it 
stains the blood serum and its retention 
can be used as a liver function test while 
its appearance in the gall bladder serves 
as a contrast medium. A dose of 2.5 gm. 
in 5% solution is slowly injected intra- 
venously by gravity and a sample of blood 
is taken 30 minutes after the middle of 
the injection period. A retention of 50% 
or more has been considered a poor opera- 
tive risk (Graham). The value of this 
combined test is doubted from other ex- 
periences (McIntyre™). Several cases of 
severe reaction also occurred due to sys- 
temic action and locally from tissue 
infiltration. 

Sodium Tetraiodophenolphthalein. This 
dye may be used for either oral or intra- 
venous cholecystography. Attention has 
been paid to increased dosage and double 
dose oral techniques as means of increas- 
ing’ the density of the shadow after tetra- 
iodophenolphthalein. Dosage seems to be 
the deciding factor (Feldman*’), since if 
it is large enough, the shadow is the same 
whether the compound is taken at one 
time or in 2 fractions, from 6 to 12 gm. 


depending on the patient’s weight. The 
incidence of nausea, vomiting and diarrhea 
is not significantly different for the 2 
methods. 

Several factors influence the degree of 
visualization of the gall bladder with 
contrast dyes, namely the mode of admin- 
istration of the dye, its absorption, the 
dosage, the function of the liver in excret- 
ing the dye, the ability of the gall bladder 
to empty and hence to fill (Sosman™”), 
the function of the gall bladder in con- 
centrating the dye, and a normal sphinc- 
ter of Oddi mechanism (Feldman**). From 
a study of a large group of cases with 
sodium tetraiodophenolphthalein, ‘it was 


. found that the intravenous method (about 


3 gm. in 400 to 600 cc.) and the double 
dose oral method (4 gm. in dose repeated 
24 hours later) gives a higher incidence 
of visualization than the single oral dose 
(DeLor et al.?8). A gall bladder which 
is not visualized by the former 2 tests is 
pathologic. 

In the small percentage of cases in which 
the routine 18 to 24 hour study with 
single, double and triple dose methods 
fails to reveal, or only faintly outlines the 
gall bladder, an intensified procedure last- 
ing 42 to 48 hours may succeed in visual- 
izing the gall bladder. A prolonged period 
of dye concentration is apparently neces- 
sary in some instances (Feldman*’). By 
performing cholecystography just prior to 
surgical removal of the gall bladder it was 
possible to correlate the density of the 
shadow with the iodine content of its bile 
(Joffe and Wachowski®). A concentra- 
tion of at least 0.25% (2.5 mg. of iodine 
per gm. of bile) was necessary for faint 
visualization, with 0.39 and 0.89% neces- 
sary for moderate and dense shadows 
respectively. 

Priodax. Priodax is a proprietary name 
for beta-(4-hydroxy-3,5-di-iodopheny]) 
alpha-phenyl proprionic acid, a prepara- 
tion used in oral cholecystography (Klei- 
ber®’). The usual procedure involves a 
total dose of 3 gm. taken after a fat-free 
supper and a Roentgen ray 15 hours 
later. The 3 gm. dose, however, is not 
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always suitable, particularly in cases with 
borderline shadows. A 4 gm. dose was 
found more likely to give a satisfactory 
shadow, and has been advised for routine 
use (Collins and Golden”). In another 
study the drug was given by single 
(3 gm.), divided (3 gm. total) and double 
dose (3 gm. each after lunch and supper) 
techniques. A comparison of these meth- 
ods indicated the single dose method as the 
one of choice (Vaughan and Eichwald™). 

Priodax is excreted in the urine (Junk- 
mann®). This accounts for the burning 
on urination seen in approximately 4% 
of patients taking this drug.” It is inad- 
visable to use priodax in individuals with 
impaired renal function, particularly when 
accompanied by nitrogen retention (Ochs- 
ner®), In a preliminary study of kidney 
function, there was no evidence that the 
drug causes kidney damage.” 

It is uniformly agreed that the greatest 
advantage in the use of this drug is the 
absence of opaque material in the colon, 
particularly the hepatic 
The impression of many observers is that 
priodax produces shadows that are at 
least equally as good if not better than 
those obtained with tetraiodophenolphtha- 
lein.?7 A surgical follow-up of Roentgen 
ray findings with priodax in a large series 
indicated its diagnostic accuracy to be 
over 96%. This compares favorably with 
tetraiodophenolphthalein (Hefke*). 

The most frequent toxic symptoms 
seen with priodax are nausea, vomiting, 
diarrhea, abdominal cramps, headache, 
burning in the throat (local effect) and 
burning on urination. In general they 
are very mild and pose no hazard to the 
patient (Dannenberg?’). The drug is 
considered less toxic than tetraiodophenol- 
phthalein (Marshall”*). 

The gall bladder emptying time in re- 
sponse to a fat meal is slower with the 
priodax-filled vesicle than with tetraiodo- 
phenolphthalein. This is of some impor- 
tance for in failing to contract down to 
the small sized partially filled vesicle ob- 
tained with tetraiodophenolphthalein, a 
distinction between gas shadows and small 
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opaque stones cannot as readily be made. 
In addition, the rapid and vigorous re- 
sponse to a fat meal by the tetraiodo- 
phenolphthalein filled vesicle may permit 
visualization of [the hepatic ducts and 
its radicles. This may aid in the diagnosis 
of biliary dyskinesia. Priodax on the 
other hand appears to hinder gall bladder 
emptying and visualization of the ducts 
(Copleman*). 

Epttepsy. Pitressin. The fact that 
water retention tends to precipitate epi- 
leptic seizures in a susceptible individual 
and the fact that pituitary extract pro- 
motes water retention by its antidiuretic 
action have been applied in a diagnostic 
test for epilepsy (Blyth). It is particu- 
larly applicable to such cases in which 
the diagnosis is difficult because of infre- 
quent spontaneous seizures, or because of 
the need for differentiation. The test 
takes 72 hours or less. The subject re- 
ceives abundant water until his weight 
increases by about 2%; usually in about 
48 hours. Pitressin is then injected intra- 
muscularly in an initial dose of 0.25 cc. 
and in-0.5 ce. doses every 2 hours, and 
300 cc. of water orally until a convulsion 
is produced. It is rarely necessary to 
give more than 10 doses. In a series of 
87 adult cases, the subsequent course cor- 
responded to the result of the test in 
86.6% of the tests. Others also report 
the test to be of diagnostic value. 
The procedure is not without danger and 
deaths during the test have occurred. 
Autopsy revealed marked cerebral dam- 
age.*.79 Jt is suggested that these might 
be avoided by reversing the process of 
water retention as soon as a convulsion 
occurs by rapid dehydration with intra- 
venous hypertonic glucose solution and 
mercurial diuretics. 

Metrazol. The fact that epileptics have 
a lower convulsive threshold to central 
nervous system stimulation than do non- 
epileptics has been made the basis of a 
diagnostic test for epilepsy (Jans™). The 
test involves the intravenous injection of 3 
to 6 ce. of a 10% solution (300 to 600 mg.) 
of metrazol, and the occurrence of an epi- 
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leptic seizure soon thereafter has been 
taken as proof of susceptibility to epilepsy. 
The majority of seizures occurred within 
1 minute following the injection. In this 
study the occurrence of convulsions in 
non-epileptics was sufficiently frequent to 
render the test of doubtful value. In 
another report, seizures occurred in 87% 
of the epileptics and in 36% of the non- 
epileptics.’° Others, however, have re- 
ported the test as reliable (Goldstein and 
Weinberg’). 

MyasTHENIA Gravis. Neostigmine. 
The fact that parenteral neostigmine pro- 
duces striking relief of the characteristic 
muscular weakness of myasthenia gravis, 
has led to its application in a diagnostic 
test for this disorder (Schwab and Viets;!% 
Viets™). The procedure involves the 
intramuscular injection of 1.5 mg. of neo- 
stigmine methylsulfate, to which 0.6 mg. 
of atropine sulfate has been added, and 
the observation of the test response at 
10 minute intervals for 1 hour. Rapid 
improvement in the subjective, and par- 
ticularly the objective symptoms of this 
disorder, e. g., ophthalmoplegia, dysarth- 
ria, dysphagia, facial paralysis and general 
voluntary muscle weakness, is diagnostic. 
Little or no response to the test dose 
rules out myasthenia gravis. A system 
of scoring the subjective and objective 
improvement has been devised. The 
test is of particular value in the obscure 
case of myasthenia gravis, and in the dif- 
ferential diagnosis from disorders simu- 
lating it, e. g., progressive muscular dys- 
trophy, psychoneurosis and fatigue states, 
multiple sclerosis, cranial nerve palsies, 
etc. The test is considered to be almost 
100% reliable.2%2° Numerous studies 
have confirmed its accuracy (Harvey and 
Whitehill,** Thorner and Yaskin,"* Gam- 
mon and Scheie”). A modification of the 
test has been explored with a view to 
increasing its objectivity. The response 
of the pharyngeal muscles to neostigmine 
was studied by roentgenoscopic examina- 
tion of the pharynx after ingestion of a 
liquid barium mixture. Involvement of 
the muscles was indicated by retention of 


the mixture in the pyriform sinuses in 
excessive amounts. On reéxamination of 
the pharynx 15 minutes after a test dose 
of neostigmine, the ability to swallow had 
returned to normal in myasthenia gravis. 
It failed to return when due to other 
causes, é. g., progressive bulbar palsy, etc. 
(Schwab and Viets?®). 

Quinine. The fact that quinine aggra- 
vates the muscular weakness of myas- 
thenia gravis, in contrast to the beneficial 
effect of neostigmine, has been applied in 
a combined test to those obscure cases of 
myasthenia gravis in which the neostig- 
mine test produces an equivocal response 
(Harvey and Whitehill; Eaton*). Quin- 
ine sulfate given in 2 doses, each 0.65 gm., 
2 hours apart, produces a weakening effect 
within 2 hours after the second dose in 
an individual with this disorder. After 
aggravating the symptoms, the beneficial 
response to neostigmine is more clearly 
defined.® 

Curare. Patients with myasthenia gravis 
are more sensitive to curare than are nor- 
mal individuals. Approximately one- 
twentieth of the dose necessary for mild 
generalized curarization in normal indi- 
viduals is effective in producing this 
response in myasthenics (Bennett and 
Cash”). In the questionable case, curare 
in a dose of 0.05 mg. per kg. of body 
weight injected intravenously over a 1 
minute period will produce a peak response 
within 2 minutes following the injection. 
A positive test response is indicated by 
aggravation of the already present myas- 
thenic symptoms. The reaction is ter- 
minated within 2 to 3 minutes by neostig- 
mine methylsulfate (1.5 mg.) and all acute 
effects of curare disappear within a minute. 
The dose of curare employed is ineffective 
in producing curarization in other asthenic 
disorders, e. g., post-encephalitic parkin- 
sonism, psychoneurosis, etc., and, there- 
fore, rules out such conditions.” 

Inasmuch as neither the quinine nor 
curare tests are entirely without danger, 
since either may precipitate a myasthenic 
crisis, it is inadvisable to resort to them 
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until after the neostigmine test has failed 
to give the necessary information. 

PREGNANCY.  JNeostigmine. Premen- 
strual uterine hyperemia appears to be 
associated with acetylcholine liberated in 
response to estrogen stimulation. It was 
suggested, therefore, that the potentia- 
tion of naturally occurring acetylcholine, 
by means of the cholinesterase inhibiting 
substance, neostigmine, might be effective 
in inducing menstruation in those cases 
of menstrual delay due to lack of vascular 
response, and ineffective when due to 
endocrine dysfunction or pregnancy. The 
failure of neostigmine to initiate menstrual 
flow in the experimental animal when 
delay was due to early pregnancy, indi- 
cated its probable safety in human appli- 
cation. On this basis a pregnancy test 
was devised (Soskin, Wachtel and Hech- 
ter). The procedure involves the intra- 
muscular injection of neostigmine methyl- 
sulfate (1:2000) in doses of from 1 to 3 ce. 
on from 2 to 4 successive mornings. The 
failure to menstruate soon thereafter is 
taken to indicate pregnancy. The test is 
applicable only where the menstrual his- 
tory has been normal up to the last period, 
e.g., cases of “nervous” amenorrhea or 
pregnancy. ‘The test is not suitable where 
there have been menstrual disorders due 
to endocrine imbalance, local pathology, 
or organic disease elsewhere. 

In a study of 23 women in early preg- 
nancy, and in 25 with delayed menstrua- 
tion in which pregnancy was ruled out 
by other methods, including the Friedman 
test, the neostigmine test yielded a cor- 
rect result in every case. It compared 
favorably with the Friedman test."! Nu- 
merous studies followed the original report, 
with most workers using a 2 cc. dose of 
the drug on from 1 to 3 successive morn- 
ings. In most instances the test was re- 
ported as being close to 100% accurate 
and as reliable as the Aschheim-Zondek 
and Friedman tests.?°.6#2.51.81 Tn 1 report, 
however, discrepancies in both positive and 
negative results were obtained, and atten- 
tion was called to the danger of inducing 
abortion with neostigmine (Winkelstein™). 
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Another disadvantage exists in the fact 
that it is not always possible to rule out 
the many factors such as local pathology, 
endocrine disturbances, and other dis- 
orders which may be the cause of a missed 
menstrual period (Weisman™). Inasmuch 
as bleeding in several instances of preg- 
nancy have occurred with this test,’ the 
risk of abortion that goes with its use 
seems unnecessary, particularly since such 
accurate procedures as the Aschheim-Zon- 
dek and Friedman tests are readily avail- 
able. 

Chorionic Gonadotropin. The absence of 
the chorionic gonadotropic principle of 
pregnancy urine in the non-pregnant 
woman suggested that she might react to 
its intradermal injection, while the preg- 
nant woman, already possessing it, would 
not. The procedure involves the intra- 
dermal injection of 2 minims (0.12 cc.) 
of this substance (antuitrin-S of commerce) 
into the forearm. A reading is taken } 
hour later and if a slight reaction is present 
it is read again at the end of the hour. 
The positive reaction is taken as an area 
of erythema around the injection site 
measuring 7 to 40 mm. It has been con- 
cluded that the test is more sensitive than 
the Aschheim-Zondek test (Gilfillen and 
Gregg“), although the controls seem to 
be inadequate. The evidence of carefully 
controlled studies (Schneider and Cohen;'™ 
Hadley*) leaves no doubt that this test is 
unreliable. 

Placental Extract. The suggestion that 
the placenta may produce a protein-like 
foreign substance which, when used as an 
antigen in the non-pregnant woman, will 
produce an allergic reaction, was applied 
as a test for pregnancy (Gruskin®). One- 
tenth cc. of the antigen is injected intra- 
dermally and in positive cases a slight 
area of inflammation with pseudopodia 
appears. In pregnancy no such reaction 
appears.” The test was thought to be of 
great value where a quick diagnosis was 
necessary, as in the differential diagnosis 
of ectopic pregnancy from other condi- 
tions simulating it. In another study 
(Schwartz!*), the test was found to be 


626 PROGRESS OF MEDICAL SCIENCE 


correctly positive in 96% of the pregnant hypersensitivity are sources of error. Also 
and 90% of the non-pregnant women. experience in interpreting skin tests is 
Disturbed endocrine function and allergic necessary.!°8 
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UntTI1L recently it was often considered 
unnecessary to determine the exact nature 
of the cardiac abnormality in cases of 
congenital heart disease since nothing 
could be done to alter the anomaly. Great 
advances in thoracic and vascular surgery 
have changed this situation. 

In 1939, Gross and Hubbard”® described 
the successful surgical ligation of a patent 
ductus arteriosus. In the following year, 
Touroff and Vesell*° reported the surgical 
ligation of a patent ductus arteriosus which 
was the site of subacute bacterial endarter- 
itis. The patient was relieved not only 
of the cardiac disability but also of the 
subacute bacterial endarteritis. As a re- 
sult of the success achieved by Gross and 
Hubbard, and Touroff and Vesell, the 
surgical ligation of patent ductus arteriosus 
was attempted by other surgeons and 
proved to be a most satisfactory surgical 
procedure. Ligation of a patent ductus 
arteriosus is recommended not only in 
cases in which patients are disabled by 
the cardiac abnormality but also as a 
measure to prevent or eliminate subacute 
bacterial endarteritis which often is a 
complication. 

In 1945, Blalock and Taussig* reported 
a successful operation for congenital mal- 
formations of the heart associated with 
pulmonary stenosis or atresia. The abnor- 
mality is encountered most frequently as 
one of the components of the tetralogy of 
Fallot, which will be described later. In 
brief, the surgical procedure consists of 
producing an artificial ductus arteriosus 
by anastomosing one of the subclavian 


arteries, the common carotid artery, or 
the innominate artery with one of the pul- 
monary arteries. In this way, an adequate 
pulmonary circulation is obtained. More 
recently, Blalock? reported the results of 
this operation in 57 cases, and this report 
undoubtedly will lead to a more wide- 
spread use of this surgical method. 

Crafoord and Nylin,‘ in October 1945, 
described a successful surgical operation 
for coarctation of the aorta. In 2 cases 
they were able to excise the stenosed seg- 
ment of the aorta and anastomose the 
divided ends of that vessel, thus allowing 
a normal systemic arterial flow. Later in 
the same year, Gross,’ by using a similar 
technique, operated on 2 patients who 
had coarctation of the aorta. Since then, 
Crafoord and Nylin, and Gross have op- 
erated on other patients who had this 
condition but they have not published 
their results. It seems that this is a most 
logical operation despite the difficulty of 
the procedure. 

Great advances have thus been reported 


for the relief of certain congenital abnor- 


malities of the heart and great vessels. 
The benefits obtainable from these truly 
great discoveries are dependent primarily 
on the accurate diagnosis of congenital 
heart disease. The diagnosis of some con- 
genital heart diseases can be made accu- 
rately by properly trained physicians. 
This is shown by the fact that in those 
cases in which operation was performed 
for patent ductus arteriosus, pulmonary 
stenosis (especially tetralogy of Fallot) 
and coarctation of the aorta, the pre- 
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operative diagnosis was surprisingly accu- 
rate. The clinical diagnosis of these con- 
ditions is based on history, symptoms, 
localization and transmission of murmurs 
and thrills, the presence or absence of 
cyanosis, circulatory studies, electrocardio- 
graphic changes and roentgenologic ob- 
servations. 

The purpose of this paper is to review 
the reentgenologic diagnosis of those car- 
diovascular abnormalities that are amen- 
able to surgical treatment. Anatomic, 
physiologic and clinical aspects are far 
too complex to be considered in detail 
and will be touched on only as briefly as 
is necessary to explain the roentgenologic 
findings. With regard to congenital heart 
disease in general, it may be stated that 
roentgenologic observations have the fol- 
lowing results: (1) They may be of no 
assistance in diagnosis; (2) they may fur- 
nish confirmatory evidence of a condition 
already suspected clinically; (3) they may 
cause doubt as to the tentative clinical 
diagnosis and suggest some other or addi- 
tional congenital abnormality; (4) they 
may provide a definite diagnosis as to the 
type of cardiovascular abnormality; (5) 
they may provide useful information as 
to anatomic relations if operation is con- 
templated. 

It is erroneous to think that there is 
such great variety and combination of 
congenital lesions of the heart that an 
attempt to make an accurate diagnosis 
is useless. This impression has been ob- 
tained from postmortem material that 
has included a rather large number of 
newborn infants who have died of con- 
genital heart disease. Infants who die 
of congenital cardiac disease obviously 
have lesions that are incompatible with 
life and these hearts are, therefore, greatly 
distorted. If lesions that are completely 
incompatible with life are excluded, one 
finds that most cardiac abnormalities are 
not extremely complex. In many in- 
stances in which the patients have sur- 
vived infancy, a rather accurate estimate 
can be made as to the type of cardiac 
abnormality that is present. 
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Sussman’s'* classification of cardiovascu- 
lar abnormalities should be useful to radi- 
ologists. This classification is as follows: 


1. OBSTRUCTION OF THE OUTFLOW TRACTS. 
(a) Isolated pulmonic stenosis. (b) Aortic 
or subaortic stenosis. (c) Coarctation of 
the aorta. 

2. InrrRacaRDIAC SHuntTs. (a) Isolated 
interventricular septal defect. (b) Interatrial 
septal defect. (c) Tetralogy of Fallot. (d) 
Eisenmenger’s complex. 

3. ExTRACARDIAC SHUNTs. 
ductus arteriosus. 
rysm. 

4. MisceLLANgEous ANOMALIES. (a) Posi- 
tional changes in the heart and great 


(a) Patent 
(b) Arteriovenous aneu- 


vessels. (b) Idiopathic dilatation of the pul- 
monary artery. (c) Congenital aortic aneu- 
rysm. (d) Aberrant pulmonary veins, 


usually in association with interatrial septal 
defect. (e) Anomalous origin of 1 coronary 
artery, which is usually associated with left 
ventricular dilatation and hypertrophy. (f) 
So-called congenital hypertrophy from which 
von Giercke’s disease must be distinguished. 


This classification is not intended to 
include all the varieties of cardiac abnor- 
malities that might be encountered by 
pathologists. It does include most varie- 
ties of congenital heart disease that are 
compatible with life and it is only with 
these that radiologists are concerned. 

With regard to the diagnosis of patent 
ductus arteriosus, it may be stated that 
in most instances the diagnosis can be 
made accurately without using roentgeno- 
logic methods. The so-called machinery 
murmur and the associated thrill are 
almost pathognomonic of this condition. 
Roentgenologic examination is used, as a 
rule, to obtain evidence to confirm the 
clinical diagnosis and to help rule out the 
presence of other cardiac abnormalities; 
roentgenography and roentgenoscopy can- 
not alone lead to an absolute diagnosis of 
patent ductus arteriosus. 

Patent ductus arteriosus may be found 
associated with other cardiac abnormali- 
ties, but many of these combinations are 
not compatible with life. It is considered 
that, in older children and in adults, patent 
ductus arteriosus is found most frequently 
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as an isolated defect or is associated with 
a minor cardiac abnormality. The suc- 
cess of surgical ligation in many cases of 
patent ductus arteriosus has substantiated 
this concept. 

The experimental work of Eppinger, 
Burwell and Gross® has shown the effects 
of a patent ductus arteriosus on the heart 
and circulation, and, to a limited extent, 
roentgenologic observation reveals these 
effects. They found that 45 to 75% of 
the blood leaving the left ventricle enters 
the pulmonary circulation by way of the 
shunt between the aorta and the pulmo- 
nary artery. As the result of this, the 
left ventricle must pump 2 to 4 times as 
much blood as the right ventricle does. 
Certainly this must depend somewhat on 
the size of the patent ductus arteriosus 
but there can be no doubt that in all 
instances there must be an increased vol- 
ume of blood in the pulmonary circulation 
and an unusual load on the left ventricle. 

Eppinger and his associates said that 
the heart is affected in various ways and 
these have been summarized by Donovan, 
Neuhauser and Sosman’® as follows: (1) 
There is left ventricular enlargement as 
the result of a greatly increased output. 
(2) With each beat an increased volume of 
blood passes through the left ventricle 
and pulmonary artery, causing increased 
pulsation of these structures. (3) There 
is prominence of the pulmonary artery 
since it receives blood from both the right 
ventricle and the aorta. (4) Increased 
flow in the branches of the pulmonary 
artery causes excessive pulsation of these 
structures; this is called “hilar dance.” 
(5) The extra volume of blood in the lesser 
circulation leads to vascular congestion 
and finally “if a normal mitral valve is not 
large enough to transmit this large vol- 
ume of blood without an elevated left 
auricular pressure, there may be visible 
dilatation of the left auricle.” 

Donovan, Neuhauser and Sosman have 
reviewed the roentgenologic findings in 
the thorax in 50 cases of isolated patent 
ductus arteriosus in which operation was 
performed subsequently. They gave the 


following criteria for the diagnosis of this 
condition: 

1. There is enlargement of the left ven- 
tricle. The heart usually appears normal 
in size or slightly enlarged. When enlarge- 
ment is seen it is due to hypertrophy of 
the left ventricle. If patent ductus arteri- 
osus is complicated by subacute bacterial 
endarteritis, the heart may be greatly 
enlarged. 

2. Evidence of right ventricular hyper- 
trophy is more suggestive of more severe con- 
genital heart disease. It did not occur in 
the cases of patent ductus arteriosus re- 
ported by these authors. 

3. The left auricle is enlarged. They 
found this to be one of the most common 
signs of patent ductus arteriosus. This 
enlargement was demonstrated roentgeno- 
logically by showing the indentation of 
the barium-filled esophagus by the left 
auricle in the right anterior oblique view. 
Mitral stenosis will cause enlargement of 
the left auricle but they stated that this 
is seldom confused clinically with patent 
ductus arteriosus. Auricular fibrillation 
is found in cases of mitral stenosis but 
virtually never occurs with patent ductus 
arteriosus. Calcification of the mitral or 
aortic valve would indicate rheumatic 
heart disease. 

4. The pulmonary artery is dilated. This 
is one of the most frequent findings in 
cases of congenital heart disease and is 
present in most cases of patent ductus 
arteriosus. They found that this could 
best be demonstrated in the right anterior 
oblique view, which shows best the relief 
of the true pulmonary conus. Great en- 
largement was not seen unless there was 
an associated bacterial endarteritis. They 
said that a very large pulmonary artery, 
especially if associated with a definitely 
enlarged heart, is more suggestive of 
Eisenmenger’s complex, interauricular sep- 
tal defect or Lutembacher’s syndrome. 

5. Exaggerated beat of the left ventricle 
and of the pulmonary artery can be seen by 
roentgenoscopy. This was seen in two- 
thirds of the cases reported by these 
authors. The characteristic pulsation in 
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cases of patent ductus arteriosus is the 
exaggerated systolic pulsation of the aorta 
and pulmonary artery, which occurs simul- 
taneously with the exaggerated ventricu- 
lar contraction. This cannot be demon- 
strated so well by kymography as by 
roentgenoscopy. These authors stressed 
that this exaggerated beat can be dis- 
tinguished from that due to other con- 
ditions. 

6. There may be hilar dance, which is a 
systolic expansion of the large vessels in 
the hila of the lungs. These authors found 
this in a third of their cases. This is seen 
in other congenital lesions of the heart, 
especially with interauricular septal defect. 

7. Engorgement of the pulmonary vessels 
may be seen. This is usually not severe 
and is seen most frequently when subacute 
bacterial endarteritis is present. 

These findings by Donovan and his 
associates are similar to those described 
by other authors. The only point about 
which there is much controversy has to do 
with enlargement of the left auricle. This 
will be considered later. Roesler” and Suss- 
man said that there may be some demon- 
strable enlargement of the right ventricle 
but they agreed that this enlargement 
should not be very great. Eppinger, Dur- 
well and Gross reported no evidence of 
right ventricular hypertrophy. Most au- 
thors emphasize that there should not 
be much cardiac enlargement unless sub- 
acute bacterial endarteritis is present. It 
has been mentioned by Roesler and Suss- 
man that at times a patent ductus arteri- 
osus will overshadow the “aortic window” 
in the left anterior oblique view but this 
has not been seen very frequently. Roes- 
ler stated that there occasionally is an 
isolated plaque of calcium in the aorta at 
the point of attachment of the ductus 
arteriosus and that this may be seen 
roentgenologically. Aneurysmal dilata- 
tion of the ductus arteriosus or of the 
pulmonary artery may occur and this 
might tend to confuse the roentgenologist 
in some cases. Sussman, Grishman and 
Steinberg'® have emphasized that in cases 
of patent ductus arteriosus the pulsation 
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of the pulmonary vessels at the hila is 
different from that which is seen in cases 
of interauricular septal defect. In the 
latter condition, the vessels are much 
larger and the pulsation is greater, since 
there is an associated pulmonary insuffi- 
ciency, organic or relative, which causes 
a collapsing type of pulsation, which these 
authors preferred to consider as a true 
hilar dance. : 
Angiocardiography is of definite value 
in the diagnosis of patent ductus arterio- 
sus. Steinberg, Grishman and Sussman’ 
have summarized the angiocardiographic 
findings as follows: (1) There is a distinc- 
tive localized dilatation of the descending 
aorta just beyond the isthmus. The 
diameter of the aortic end of the ductus 
arteriosus is usually 2 or 3 times that of 
the pulmonicend. The localized dilatation 
seen by angiocardiography may be the 
aortic end of the ductus arteriosus or it 
may be a traction aneurysm of the aorta 
caused by the attachment of the ductus 
arteriosus. A small bulge or a more or 
less uniformly dilated segment may be 
seen. It projects toward the main and 
left pulmonary arteries. It is best seen 
in the left anterior oblique view but is 
also seen in the left lateral and right 
anterior oblique views. (2) The main and 
left pulmonary arteries are elevated; the 
appearance suggests that they are drawn 
toward the isthmus of the aorta. (3) The 
main and major branches of the pulmonary 
artery are dilated. (4) Varying degrees 
of left ventricular dilatation are present. 
The localized dilatation of the aorta 
seems to be a reliable diagnostic sign and 
was not seen by Steinberg and his asso- 
ciates in any other condition than patent 
ductus arteriosus. They did not find with 
angiocardiography that persistent opacity 
in the pulmonary vascular tree was a reli- 
able evidence of patent ductus arteriosus. 
The ductus arteriosus itself, especially its 
length and caliber, could not be demon- 
strated by angiocardiography. Steinberg 
and his associates found no evidence of left 
auricular enlargement, and thus their ob- 
servations conflict with those of Donovan, 
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Neuhauser and Sosman, and Eppinger, 
Burwell and Gross. Most authors’ 
do not mention enlargement of the left 
auricle as a common finding in cases of 
patent ductus arteriosus. It is important 
that further observations clarify this dis- 
puted point. 

According to Steinberg and his asso- 
ciates,” the following conditions may be 
mistakenly diagnosed as patent ductus 
arteriosus: (1) interauricular septal de- 
fect; (2) idiopathic dilatation of the pul- 
monary artery; (3) Eisenmenger’s com- 
plex; and (4) pulmonic insufficiency due 
to absence of a cusp. In all of these con- 
ditions, there is enlargement of the pul- 
monary artery. 

In cases of interauricular septal defect, 
the heart is almost always greatly en- 
larged; this enlargement is greatest to the 
left but there is often moderate enlarge- 
ment to the right. The right auricle and 
ventricle are greatly enlarged. There is 
tremendous enlargement of the pulmonary 
arteries and the peripheral pulmonary ves- 
sels. The left auricle is not much enlarged 
unless there is associated mitral valvular 
disease (Lutembacher’s syndrome). There 
is a definite “hilar dance.” The aortic 
knob is very small or cannot be seen. By 
angiocardiography, the large right auricle 
can be easily seen and the greatly dilated 
pulmonary arteries also can be demon- 
strated. The current in the intracardiac 
shunt is from left to right and cannot be 
shown by angiocardiography unless there 
is a reversal of the flow, as may occur with 
cardiac decompensation. Owing to the 
rapidity of the injection when angiocardi- 
ography is used, there is increased pressure 
in the right auricle. This rarely may 
cause a temporary flow from right to left, 
which may be seen. 

In cases of idiopathic dilatation of the 
pulmonary artery, there is no enlargement 
of any of the cardiac chambers. Pulmo- 
nary insufficiency due to absence of a cusp 
can produce a “machinery” murmur. 
Angiocardiography might be necessary to 
make the correct diagnosis. The diagnosis 


of Eisenmenger’s complex will be consid- 
ered with the tetralogy of Fallot. 

The value of roentgenologic observa- 
tions in cases of patent ductus arteriosus 
varies greatly. In most instances it serves 
only to demonstrate that the cardiac 
silhouette and size and the appearance of 
the great vessels are consistent with a 
well-established clinical diagnosis. Sha- 
piro said that roentgenologic studies are of 
value not only in aiding in the diagnosis 
but also in observing the progress in indi- 
vidual cases. He said that roentgenologic 
examination will reveal the severity of 
the leak and the amount of cardiac strain 
that is present. According to Shapiro, 
if the patent ductus arteriosus is small, 
the heart will be more nearly normal in 
size, whereas if the shunt is large, the 
heart will be larger and the pulmonary 
arteries greater in size. In some cases, 
roentgenologic observations will raise a 
doubt as to the validity of the diagnosis 
of patent ductus arteriosus or will suggest 
the presence of some additional congenital 
cardiac anomaly. In such instances, angio- 
cardiography can be of greatest assistance. 
It has been stated that patent ductus 
arteriosus can be present when no machin- 
ery murmur is heard.’?"" In such cases, 
the diagnosis can only be made with cer- 
tainty by means of angiocardiography. 
It is unfortunate that angiocardiography 
does not show the length and caliber of 
the ductus arteriosus since this informa- 
tion would be of great value to the surgeon 
if ligation were contemplated. 

Stenosis or atresia of the pulmonary 
artery is at times an isolated cardiac 
defect, but most frequently it is encoun- 
tered in combination with interventricular 
septal defect, dextroposition of the aorta 
and hypertrophy of the right ventricle. 
These anomalies constitute the tetralogy 
of Fallot. Stenosis of the pulmonary 
artery prevents an adequate pulmonary 
circulation and may cause death or 
gravely impair health. Recognizing this 
as a primary evil in many cases of con- 
genital abnormalities of the heart, Blalock 
and Taussig conceived and successfully 
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developed the artificial ductus arteriosus 
operation. By diverting blood from a main 
branch of the aorta to the pulmonary 
artery, an adequate pulmonary circula- 
tion was obtained. Up to the present 
time, almost all of the patients who have 
undergone this operation have had the 
tetralogy of Fallot. Blalock stated, how- 
ever, that the operation is indicated in 
cases of pulmonary atresia with or with- 
out dextroposition of the aorta and with 
or without defective development of the 
right ventricle, in cases of truncus arterio- 
sus with bronchial arteries, and in cases 
of single ventricle with a rudimentary 
outlet chamber in which the pulmonary 
artery is diminutive in size. The opera- 
tion is not indicated in cases of complete 
transposition of the great vessels, or in 
cases of Eisenmenger’s complex, and prob- 
ably not in cases of aortic atresia. 

On roentgenograms of the thorax, the 
findings in cases of the tetralogy of Fallot 
are: (1) absence of fullness of the normal 
pulmonary conus; (2) the shadow at the 
base of the heart to the left of the ster- 
num is concave and not convex—concave 
shadow in this region, in cases of per- 
sistent cyanosis, always means that the 
pulmonary artery is misplaced, absent or 
diminutive in size; (3) the pulmonary 
window appears abnormally clear in the 
left anterior oblique view; (4) the heart 
frequently may appear normal in size, 
but sometimes it will seem to be moder- 
ately enlarged, and in such instances this 
is due to hypertrophy of the right ven- 
tricle—as the result of right ventricular 
hypertrophy, the heart is enlarged to the 
left and the apex is lifted from the dia- 
phragm and has a blunt appearance. This 
cardiac silhouette has been called “cceur- 
en-sabot”; (5) it has been stated that 
dextroposition of the aorta can be seen 
in conventional roentgenograms. This 
may be true but it is not likely to be a very 
reliable observation, and in many in- 
stances dextroposition of the aorta is not 
suggested by the roentgenogram. 

Angiocardiography can be of great 
assistance in the diagnosis of pulmonary 
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stenosis and its associated cardiac abnor- 
malities.*18! cases of tetralogy of 
Fallot, angiocardiography reveals simul- 
taneous opacity of the aorta and of the 
pulmonary artery. Sometimes the density 
of the medium in the aorta is great enough 
to show the entire aorta and its major 
branches. The caliber of the pulmonary 
artery can be determined. The diameter 
may be so small that the artery cannot 
be identified in its entire length. The 
stenosed portion of the pulmonary artery 
or conus arteriosus can usually be identi- 
fied. The right auricle and ventricle can 
be seen to be enlarged. Aortic anomalies 
can be seen if present. 

Blalock and Taussig warned against 
operating in cases in which the pulmonary 
artery is prominent or when there are 
pulsations at the hila. They also stated 
that there must be clinical and roentgeno- 
graphic evidence of absence of pulmonary 
congestion. They further said that the 
only situation in which there is absence 
of the normal shadow of the pulmonary 
artery with adequate pulmonary circula- 
tion is complete transposition of the great 
vessels with the pulmonary artery lying 
behind the aorta. As the result of this, 
in the antero-posterior view, the aortic 
shadow is narrow and there is a concave 
curve at the base of the heart to the left 
of the sternum. In the left anterior 
oblique view, the 2 vessels lie side by side 
and therefore the shadow cast by these 
great vessels is increased in width and the 
pulmonary window is not abnormally 
clear. Although there is no pulsation at 
the hila, pulmonary congestion frequently 
develops. 

A right aortic arch occasionally occurs 
with the tetralogy of Fallot. The impor- 
tance of this has been stressed by Blalock 
and Taussig since the major branches of 
the aortic arch are altered in position when 
this occurs and the surgical approach must 
be changed. The variations of right aortic 
arch have been described by Bedford and 
Parkinson! and by Sussman. In all types, 
the aorta arches over the root of the right 
lung rather than over the root of the left 
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lung. In most instances there is then a 
“high-crossing” and the aorta abruptly 
turns to the left as soon as it has crossed 
the right main bronchus. In going to the 
left of the spinal column, it goes behind 
the esophagus, displacing it and the 
trachea forward. Behind the esophagus 
there is a dilatation or diverticulum of the 
aorta which is caused by a persistence of 
the distal portion of the left fourth em- 
bryonic arterial arch, and the left sub- 
clavian artery arises from this. The aorta 
may then descend in the thorax on either 
the left or right side of the spinal column. 
If it descends on the right side, there will 
be a secondary “low-crossing”’ so that it 
can reach the aortic hiatus. This, the 
usual type of right aortic arch, is easily 
recognized roentgenologically since the 
aortic knob can be seen to be on the right, 
the barium-filled esophagus is indented on 
the right by the aortic knob in the antero- 
posterior view, and the aortic arch dis- 
places the.barium-filled esophagus forward 
in the right anterior oblique view. The 
course of the descending aorta may also 
be seen and noted if it is on the right side. 

There is a less common type of “high- 
crossing”’ right aortic arch which is more 
difficult to identify. In this case, an 
artery arises from the ascending aorta and 
crosses in front of the trachea to the left 
side. This is a persistence of the proximal 
part of the fourth embryonic arterial arch 
and it serves as a left innominate artery. 
The right subclavian and right common 
carotid arteries arise separately from the 
aortic arch. In such cases, the aorta 
crosses to the left of the spinal column as 
soon as it crosses the right main bronchus 
but it does not go behind the esophagus 
and there is no aortic diverticulum. The 
roentgenologic diagnosis is more difficult 
as the result of this; there is indentation 
of the barium-filled esophagus on the right 
side in the antero-posterior view and there 
is a slight backward displacement of the 
esophagus in the left anterior oblique 
view. Angiocardiography will show this 
type of right-sided aortic arch when it is 
combined with the tetralogy of Fallot 


and in some instances the correct diagnosis 
might be very difficult without angio- 
cardiography. 

Sometimes the aorta does not cross to 
the left as soon as it arches around the 
right main bronchus but descends to the 
right of the spinal column to cross lower 
down so as to enter the aortic hiatus. In 
such cases, the descending aorta can be 
seen roentgenologically to be on the right 
instead of on the left and the aortic knob 
also will be seen on the right. This is 
known as right aortic arch with “low- 
crossing.” 

In most instances the usual roentgeno- 
grams and roentgenoscopy are all that are 
needed to support the diagnosis of tetral- 
ogy of Fallot. In some cases, however, 
angiocardiography will aid materially. 
Eisenmenger’s complex is similar to the 
tetralogy of Fallot except that there is 
no pulmonary stenosis and the conus 
arteriosus and pulmonary artery are en- 
larged. Operation is not indicated in 
cases of Eisenmenger’s complex, but angio- 
cardiography might be needed to distin- 
guish this condition from pulmonary sten- 
osis associated with poststenotic dilatation 
of the pulmonary artery. Transposition 
of the great vessels and truncus arteriosus 
could be identified by angiocardiography. 
Coarctation of the aorta may be found 
associated with the tetralogy of Fallot. 
Any abnormality of the aorta and the 
course of the major branches of the aorta 
can be shown by angiocardiography and 
this may be important if operation is con- 
templated. 

Coarctation of the aorta is frequently, 
an isolated vascular anomaly. At times it 
is found associated with other cardio- 
vascular anomalies but, as a rule, these 
are not significant. A patent ductus arteri- 
osus may be associated with coarctation 
of the aorta. In cases in which the patients 
are adults, the roentgenologic diagnosis of 
coarctation of the aorta is usually made 
with ease since there is notching of the 
inferior aspects of the posterior portions 
of the ribs, especially from the third to 
the ninth. When this is seen, it is pathog- 


n 
n 
i 
Sé 
e 
: t 
I 
Ss 
e 
a 
t 
V 
i 
a 
a 
Cc 
t 
iI 
fe 
d 
t 
r 
| 
le 
3 


RADIOLOGY 


nomonic. Notching of the ribs is usually 
not seen in children, however, and, since 
surgical intervention is desirable before 
irreversible degenerative cardiovascular 
changes have taken place, it will be neces- 
sary for roentgenologists to look for other 
evidences of coarctation of the aorta. In 
coarctation of the aorta hypertrophy of 
the left ventricle develops sooner or later 
but this may be caused by many other 
conditions. The aortic knob is absent or 
small but this occurs in other conditions, 
especially in children. The ascending 
aorta appears normal or is prominent on 
the right. In the left anterior oblique 
view it may be possible to see the con- 
stricted segment of the aorta. This can 
be seen most frequently in older patients 
in whom atheromatous degeneration and 
calcification of the aorta allow the entire 
arch and upper part of the descending 
aorta to be seen roentgenologically. In 
cases in which the patients are children, 
the constricted segment can rarely be seen 
in the roentgenogram. According to Cra- 
foord et al.,* the ligamentum arteriosus 
draws the stenosed segment of the aorta 
ventrally and medially, and they said that 
this angulation of the aorta may be seen 
roentgenologically. According to them, 
what appears to be an aortic knob may, in 
reality, be a strongly pulsating enlarged 
left subclavian artery which has a convex 
left outline. 

The constricted segment of the aorta 
can be demonstrated by angiocardiog- 
raphy.*'8'8 Jt remains to be seen how 
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frequently this method will demonstrate 
the caliber and length of the constriction. 
This would be of immeasurable aid in 
deciding whether the segment could be 
excised. If the caliber of the stenosed seg- 
ment were known, it would also give some 
indication as to the degree of collateral 
circulation that has developed. Angio- 
cardiography can provide some direct evi- 
dence as to the collateral circulation since 
it shows very clearly the size of the great 
branches of the aorta proximal to the site 
of coarctation and also shows the size of 
the internal mammary arteries.*:3% A 
good collateral circulation must be estab- 
lished in these cases before operation can 
be attempted since the aorta is clamped 
off for a considerable period of time dur- 
ing the operation and the collateral circu- 
lation must be adequate to provide for 
the trunk and lower extremities during 
that time. Angiocardiography might re- 
veal unsuspected cardiovascular anomalies 
that would otherwise not be suspected and 
knowledge of their presence might alter 
the surgical aspect considerably. 

It is hoped that further advances will 
be made in the surgical treatment of 
congenital heart disease. It may be found 
that other types of congenital cardiac 
abnormality will be amenable to surgical 
treatment. Careful roentgenologic ob- 
servations should aid in the making of an 
accurate diagnosis and angiocardiography 
especially has much to contribute in the 
diagnosis of congenital heart disease. 
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BOOK REVIEWS AND NOTICES 


ProtozoéLocy. By R. Kupo, 
D.Sc., Professor of Zodlogy, University 
of Illinois. 3rd ed. Pp. 778; 336 ills. 
Springfield, Ill, Thomas, 1946. Price, 
$8.00. 


Tue forms and adaptation of the Protozoa 
are hardly more varied than are the rela- 
tionships of protozodlogy to other branches 
of biology. Recent events have served to 
emphasize the potential importance of para- 
sitic Protozoa in human medicine when 
warfare upsets the artificial barriers which 
have come to limit these organisms to the 
less fortunate elements of mankind or to 
the less favored parts of the earth. Veteri- 
nary medicine also knows the potentialities 
of the protozoan parasites of domesticated 
mammals and birds. The ichthyologist, the 
apiculturist and the entomologist also must 
reckon with protozoan parasites. However, 
the non-parasitic forms of this group of 
animals are equally interesting. They serve 
as material for the cell physiologist, the 
geneticist, the ecologist; they are concerned 
_in water purification and sewage disposal; 
the skeletons of certain groups supply the 
petroleum geologists and paleontologists with 
a key to the age of sedimentary formations. 
Professor Kudo presents an excellent and 
well-balanced discussion of the entire group. 
The book is intended primarily for advanced 
students but anyone whose interests require 
knowledge of or reference to the Protozoa 
will find it a valuable source of information. 

H. R. 


Tue Doctor IN THE FRENCH LITERATURE 
OF THE SIXTEENTH CENTURY. By Nancy 
F. OsporneE. Pp. 140. New York: King’s 
Crown Press, 1946. Price, $2.00. 


Preruaps because literature tends to give 
a wrong focusing on the individual, 7. e., a 
caricature, whether intentional or otherwise, 
the author has most to say about the Re- 
naissance practitioner’s ‘‘ignorance, avarice, 
jealously, chicanery, and arrogance.” On 
the other hand, she gladly recognizes such 
exceptions to the rule as Rabelais, Fernel, 
Paré and a number of others. The points 


asserted in the text are supported by fre- 
quent quotations from contemporary sources, 
which add considerably to the book’s at- 
traction if not too difficult in their old- 
fashioned French. The apothecary, the 
charlatan, remedies and their modes of 
administration receive deserved castiga- 
tion; yet the author admits an affection for 
the “pompous old fool” with his jovial 
humor and spicy wit who typified the French 
physician of the 16th century. Thence 
doubtless is derived much of the charm of 
this interesting production. E. K. 


TEXTBOOK OF NEURO-ANATOMY. By ALBERT 
Kuntz, Pu.D., M.D., Professor of Micro- 
anatomy, University of Missouri, School 
of Medicine. 4th ed. Pp. 478; 325 ills. 
Phila.: Lea & Febiger, 1945. Price, $3.25. 


THovucH this new edition of a standard 
medical textbook of neuro-anatomy cannot 
solve the problem of learning neuro-anat- 
omy, the text has the advantage of being 
clearly written and has summaries at the 
end of each chapter which will appeal to 
the medical student or others interested in 
review. The illustrations have been im- 
proved since the last edition. As might be 
expected from some of the author's other 
work, the chapter on the autonomic nervous 
system is unusually detailed and authorita- 
tive. 


Mopern ror Nursss. By 8S. M. 
Dwyer and G. W. Fis. 2nd Ed. Pp. 287. 
Phila.: Lea & Febiger, 1945. Price, $3.25. 


Tus well-planned and well-written trea- 
tise fulfils its objective, which is to give the 
graduate and student nurse a working 
knowledge of urologic disease, to better 
enable her to more intelligently carry out 
her duties incident to the care of the uro- 
logic patient. ‘Its value should be notable 
as a reference book to those teaching uro- 
logic nursing and to those in charge of plan- 
ning or founding a new urologic department. 

There are chapters on floor plan, person- 
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nel and equipment for a urologic service; 
use and care of instruments and apparatus; 
minor urologic procedures; as well as detailed 
information in regard to preoperative, op- 
erative and postoperative care in major 
urologic conditions. 

Each organ of the urinary tract, the kid- 
ney, ureter, prostate, bladder, urethra and 
external genitalia in the male, is discussed 
as to anatomy, physiology, diseases and 
treatments. Always the nurses’ part in the 
care of such patients is emphasized. TIllus- 
trations are adequate and to the point. 

The presentation of this little book should 
simplify the task of becoming a good uro- 
logic nurse for those who will take the time 
to read it. L. L. 


War Nevuroses. By Roy Grinxer, Ltr. 
Cot., M.C., and Sprecer, MajJ., 
M.C. Pp. 145. Phila.: Blakiston, 1945. 
Price, $2.75. 

Tuts is one of the more readable and 
interesting reports on military medicine to 
come out of the war. Written at the end of 
the Tunisian Campaign and printed in 1943 
for restricted distribution to medical officers, 
it proved of such merit that with the lifting 
of military restrictions it is now published 
for general circulation. Naturally it is 
primarily of value to the psychiatrist and to 
all military medical officers. The authors 
include a description of clinical symptoms, 
a section of special psychiatric problems of 
the Air Forces, discussions of etiology, prog- 
nosis, treatment and results, concluding with 
discussion of psycho-biologic dynamics. 

While this is a worthwhile contribution 
to the literature of neurologic disturbances 
under the special situations of war, it is 
doubtful whether much of the information 
gained can be used in handling the usual neu- 
roses encountered in civilian practice. Par- 
ticularly would this seem to be true of the 
reactions encountered in narcosynthesis. 


W. 


SECRETORY MECHANISM OF THE DIGESTIVE 
Guianps. By B. P. Baskin. Pp. 900. 
New York: Hoeber, 1945. Price, $8.00. 
In the author’s own words, “‘This volume 

deals with the experimental analysis of the 

secretory function of the digestive glands in 
carnivorous animals and man.” In it Pro- 
fessor Babkin has undertaken to “sum up 
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our present knowledge in this province of 
physiology in order to facilitate further 
study.” As an aid to “further study” this 
work will serve to orient the prospective 
investigator in respect to the facts already 
known, the methods that have been and 
may be used, the innumerable problems re- 
maining to be studied, and the various inter- 
pretations that have been made of previous 
observations. Originally -prepared for use 
in lectures to graduate students, the material 
is calculated to stimulate and facilitate re- 
search rather than to instruct in the con- 
ventional textbook sense. 

As interpreted by Professor Babkin, the 
“mechanism” of secretion includes not only 
the intimate physico-chemical processes that 
go on within the secreting cell but also the 
stimuli which cause the cell to secrete, as 
well as the origin and mode of transmission 
of such stimuli, and, finally, the nature and 
composition of the secreted product. In 
discussing these problems, the author finds 
it necessary to consider more than can be 
learned by physiologic methods alone. The 
gross and microscopic anatomy of the glands 
and their associated structures and the 
chemistry of the secreting cell and its prod- 
ucts are also discussed. 

As indicated by the title, the book is a 
dissertation on the secretory mechanism as 
such rather than an analysis of the function 
of the individual digestive glands. Conse- 
quently, the general arrangement of the 
subject matter is such as to facilitate the 
study of the mechanism as a whole. Never- 
theless the author has found it convenient 
to include most of his discussion of the gas- 
tric glands in a group of consecutive chapters 
comprising nearly half the book. Another 
group of chapters making up about one-third 
of the book deals with the salivary glands. 
A third section deals with alimentary hor- 
mones. In this section, as elsewhere through- 
out the book, the nervous regulation of 
secretion is given adequate recognition. 
These 3 sections, considered apart from the 
rest of the material, amount to monographs 
in their respective fields. The author’s 
warning that his review of the literature is 
incomplete does not impress the reader who 
finds here more information than he had 
hoped ever to find in any one place. The 
pancreas receives less attention than the 
other digestive glands, doubtless because 
the author found it less useful as a means 
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of illustrating the principles which he chose 
to discuss. 

In this, as in his previous publications, 
Professor Babkin emphasizes the fact that 
the digestive glands, particularly the gastric 
and salivary glands, are complex struc- 
tures made up of cells of different types, 
each of which elaborates its own special 
secretory product. In his view the several 
types of cells may be stimulated separately 
by appropriate nervous or humoral stimuli 
and this fact accounts for the observed 
variations in composition of the individual 
digestive secretions. 

The book contains an excellent index and 
a bibliography of more than 1600 references, 
complete with titles. Many of the latter 
refer to dissertations in the Russian language 
which have had only a limited circulation, 
even in Russia. These will prove most valu- 
able to English speaking students insofar as 
they are reviewed in the text. J. T. 


Cierr PaLaTE AND SPEECH. By MuvRIEL 
E. Morey, B.Sc., F.C.S.T., Speech Ther- 
apist to the Royal Victoria Infirmary, the 
Hospital for Sick Children, and the New- 
castle General Hospital, Newcastle-upon- 
Tyne. Pp. 160; 52 ills. Baltimore: Wil- 
liams & Wilkins, 1945. Price, $2.75. 
Tuis little book is intended primarily as 

a guide for speech therapists in the training 

of patients with speech defects due to cleft 

palate. Chapters 1 and 2 present a very clear 
concise description of the embryologic, ana- 
tomic and physiologic factors involved in 
cleft palate, and explains fully the defects 
in speech resulting from the various types. 
The object of surgical treatment is carefully 
explained in Chapter 3, with special refer- 
ence to the methods employed by Wardill, 
with whom the author is most closely asso- 
ciated. In Chapter 4 is a discussion of feed- 
ing and speech problems in cleft palate. An 
analysis of speech defects before and after 
operation, with methods of examination, is 
given in detail in Chapter 5. Chapters 6 and 

7 cover treatment by the speech therapist, 

and Chapter 8 records 25 case histories 

showing development of speech in various 
types and conditions. 

This is the most complete, and at. the 
same time readily understood and reliable 
presentation of the problems associated 
with cleft palate that has come to our atten- 
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tion. No one, including the surgeon, inter- 
ested in the problems of cleft palate, can 
afford to be without the book. Rid. 


PERSONALITY IN ARTERIAL HYPERTENSION. 
By C. A. L. Bringer, M.D., N. W. Acker- 
MAN, M.D., A. E. Coun, M.D., H. A. 
ScuroepDER, M.D., and J. M. 
M.D. Pp. 228. New York: The Am. Soc. 
for Res. in Psychosomatic Problems, 1945. 
Price, $3.00. 

Tue authors have added another excellent 
study to the series of Psychosomatic Medi- 
cine Monographs. Personality studies to- 
gether with an evaluation of the environ- 
mental situations which produced them in 
24 patients with hypertension have been out- 
lined together with interpretative remarks 
concerning the psychodynamics. It is 
interesting to note that these personality 
evaluations show a very consistent pattern 
despite the varied somatic pathology of the 
hypertension. 

The authors have been conservative in 
their conclusions concerning the etjologic 
significance of the psychiatric observations. 
They conclude that “these cases are charac- 
terized by two phenomena, namely, eleva- 
tion in blood pressure and disturbances in 
personality,” but neither the elevation in 
blood pressure nor the disturbances in per- 
sonality imply the existence of the other. 

H. G. 


EXPERIMENTAL CaTATONIA. By HERMAN 
Der Jone, M.D. Pp. 225. 
Baltimore: Williams & Wilkins, 1945. 
Price, $4.00. 

Tuts book is a report of further work by 
the author and his associates upon the 
experimental production of catatonia. It 
was early found that many substances 
besides bulbocapnine produced this reaction 
and a search was made for a “catatonizing 
chemical nucleus.” But since even ex- 
tremely simple substances such as nitrogen 
could be used to induce these states, it was 
concluded that the essential element was 
cellular asphyxiation which operated by 
changing the threshold of cellular discharge. 
Since experimental catatonia can be induced 
by a great variety of chemical and biochemi- 
cal substances, by alterations of metabolism 
(for example, ligation of the hepatic artery), 
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by electrical shocks, by brain lesions, by 
audiogenic stimuli, etc., it was thought that 
it represents a general reaction form of the 
central nervous system. This is strength- 
ened by the fact that work was done with 
representatives of the many animal species. 

Studies were also made of schizophrenics, 
in a search for specific toxic substances in 
the urine; but these results have been nega- 
tive. 

Although experimental catatonia is re- 
garded as a general reaction form of the 
nervous system, a certain specificity emerged 
in the fact that only the alteration of either 
liver or intestinal function produced the 
condition. From this the authors postulate 
a possible primary liver damage as the basis 
for certain cases of catatonia and schizo- 
phrenia, an hypothesis supported by finding 
that a high percentage of schizophrenics 
reacted positively to the cephalin-cholesterol 
flocculation test as compared with the con- 
trols. The book is interestingly and simply 
written and should be informative and 
thought provoking for all those interested in 
this field. L. S. 


Skin Diseases IN CHILDREN. By GEORGE 
M. M.D., and AntHony C. 
Crpottaro, M.D. 2nd ed. Pp. 436; 
225 ills. New York: MHoeber, 1946. 
Price, $7.50. 

Tue senior author of this book on pediatric 
dermatology, the Ist edition of which ap- 
peared in 1936, is Professor of Clinical Der- 
matology and Syphilology at the New 
York Post-Graduate Medical School of 
Columbia University; the junior author is 
an Associate in Dermatology and Syphilol- 
ogy at the same institution. There are 
chapters by Herman Beerman on syphilis 
in children, by Frances Pascher on allergic 
dermatoses in children, by Eugene Traub 
on congenital cutaneous anomalies, and by 
Nathan Lobel on contagious diseases. 

As skin diseases of infancy and childhood 
are of great importance to all physicians, 
and in general are not covered adequately 
in standard textbooks on dermatology, a 
new enlarged edition of this practical book 
is welcomed. 

The authors’ aim has been to make this 
treatise comprehensive, with emphasis on 
etiology and treatment. In order to simplify 
the presentation of material, they have 
grouped various diseases on the basis of 


etiology, pathology or clinical similarity. In 
general, this classification is a workable one. 
However, there are instances in which it 
leads to some confusion in regard to etiology 
of certain dermatoses. For example, the 
authors have included dermatitis repens and 
pompholyx (dysidrosis) under diseases due 
to fungi. Few dermatologists would agree 
with this classification. 

The section on benign and malignant new 
growths, congenital cutaneous anomalies, 
diseases of _ the sweat glands, sebaceous 
glands, hair and nails, the tuberculosis group 
of skin diseases, and syphilis in children are 
of particular value because the authors have 
so summarized their wide experience that 
the physician can find authoritative answers 
to many of his problems without difficulty. 
For example, the discussion on what to do 
and what not to do about nevi is excellent. 

In some instances, the lack of critical 
presentation of material is regrettable. For 
example, an entire page is devoted to the 
low fat diet method of treating acne vulgaris, 
without any mention of the authors’ per- 
sonal opinion. It is difficult to accept the 
statement on page 16 that “impetigo con- 
tagiosa is usually caused by a streptococcus 
and rarely by the Staphylococcus aureus”’ in 
the light of the reports of many investigators 
to the contrary. If the authors had had 
wider experience in the use of penicillin 
topically in the treatment of pyogenic infec- 
tions of the skin, they would probably not 
have stated that penicillin ointment gives 
“spectacular” results in sycosis vulgaris. 

It would seem that in a book intended 
chiefly for the general practitioner, it would 
have been preferable to have outlined 
methods of treatment which have proved to 
be effective in their hands, with a definite 
statement of their personal opinions on the 
efficacy of method. 

Despite these shortcomings, this is a useful 
book, and the authors are to be congratu- 
lated on bringing together a great amount 
of valuable information, and presenting it in 
a concise manner. 


Mepicat Curmics oF NortH AMERICA. 
Problems in Postwar Medicine. March 
1946. From the 2nd Service Command. 
Pp. 243-485. Phila.: Saunders, 1946. 
Price, $16.00 a year. 


Tuts is a well-written symposium which 
stands as a tribute to its various authors, 
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who, in spite of the fact that they were 
pressed by the needs of war, found time to 
carry out these original pieces of clinical 
research. In it they accomplish 2 things: 
First, an illustration of the strides made in 
the treatment of various conditions, com- 
monly met by both military and civilian 
physicians. The second is the fact that the 
articles acquaint the civilian physician with 
the problems and treatment of certain dis- 
ease entities which occurred in military per- 
sonnel, so that the personnel may be better 
following their discharge. 

Of ‘special interest are the timely and 
practical articles on the ‘Problem of Nutri- 
tion in the Treatment of the Prolonged 
Hospitalized Patient” and the “Significance 
of a Psychiatric Diagnosis.” A. C., JR. 


NEW EDITIONS 
Physiological Chemistry. By J. F. McCien- 
pon, PH.D. 7th ed. Pp. 463; 83 ills. 
St. Louis: Mosby, 1946. Price, $4.25. 


NEW BOOKS 


Three Unpublished Drawings of the Anatomy 
of the Human Ear. By the late Max 
BropEL. Assisted by P. D. MAtong, 
Sracy R. Guitp and §. J. Crows. Phila.: 
Saunders, 1946. 

In addition to the drawings there is an 


attractive color reproduction of a portrait of 
Mr. Brédel. 


William Beaumont’s Formative Years. Two 
Early Notebooks 1811-1821. With An- 
notations and an Introductory Essay by 
GENEVIEVE Miter, M.A., Institute of 
the History of Medicine, The Johns Hop- 
kins University. Pp. 87; 21 ills. New 
York: Schuman, 1946. Price, $5.00. 


AN attractive presentation by Genevieve 
Miller of the notebooks of Beaumont that 
were begun by him while he was studying with 
Dr. Benjamin Chandler in Vermont. 
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